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NOVEL 2'-0-ALKYL NUCLEOSIDES AND PHOSPHORAMIDITES 
PROCESSES FOR THE PREPARATION AND USES THEREOF 

CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation in part of 
5 application U.S. Serial No. 967,267 filed October 27, 1992 
which is a continuation-in-part of U.S. Application Serial No. 
918,362 filed on July 23, 1992 and Application Serial Number 
US91/00243 filed on January 11, 1991 which is a continuation- 
in-part of Application Serial No. 463,358 filed on January 11, 
10 1990 and Application Serial No. 566,977 filed on August 13, 
1990. These applications are assigned to the assignee of the 
.present application and are incorporated by reference herein in 
their entirety. 

FIELD OF INVENTION 

15 This invention ,is .directed to processes for the 

preparation of 2'-0-alkyl uridine, .and cytidine phosphor- 
amidites. This invention is also directed to processes for the 
preparation of 2 ' -O-alkyl , -3 ' -0-alkyl and 2' , 3 ' -di-O-alkyl 2,6- 
diaminopurine riboside; 2'-0-alkyl guanosine and 2'-0-alkyl 

20 guanosine analogs, phosphbramiqiites of these compounds and 
methods of use thereof . . 

BACKOROXJND OF THE INVBNTION 

A number of oligonucleotide analogs have been made . 
One class of oligonucleotides that have been synthesized are 
25 the 2 ' -O-substituted oligonucleotides. Such oligonucleotides 
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have certain "unique "and useful properties. In United States 
- patent appi'icatibn serial no. 8i4,961, filed December 24, 1991, 
entitled Gapped 2' Modified Phosphorothioate Oligonucleotides, 
assigned to the same assignee as this application, the entire 
5 cbnteribs of which are herein incorporated by reference, 2' 
substituted nucleotides are introduced within an 
oligonucleotide to indlice increased binding of the 
oligonucleotide to a complementary target strand while allowing 
expression of RNase H activity to destroy the targeted strand. 

10 ' In a recent article, Sproat, B.S., Beijer, B. and 

Iribarren, A. , Nucleic Acids Reseairch, '1990, 18:41, the authors 
noted further use of 2'-0-methyl substituted oligonucleotides 
as "valuable antisense probes for studying pre-mRNA splicing 
-and the structure of spliceosomes" . 

15 2' -O- methyl and ethyl nucleotides and methods of 

making the same have been reported by a number of authors. 

Robins, M. J. , Naik, S,R. and Lee, A.S.K., J. Org. 
Chem. , 39:1891 (1974) reported a low yield synthesis of 2'-0- 
and 3'-0-methyl guanosine via a stannous chloride . catalyzed 

20 monomethylation by diazomethane . As was later reported by 
Robins, M. J. , Hansske, F. and Bernier, S,E., Can. J". Chen?., 
59:3360 (1981) , "convenient and high yield methods have been 
devised for synthesis of the 2'-0- and 3'-0-methyl ethers of 
adenosine, cytidine, and uridine, . . However, guanosine has 

25 presented significant difficulties." In the foregoing paper, 
the authors reported an improved synthesis of 2'-0 and 3'-0- 
methyl guanosine. The synthesis was improved by. effecting the 
stannous chloride catalyzed diazomethane methylation of 2,6- 
diamino- 9- (S-D-ribofuranosyl) purine (2-aminoadenosine) inplace 

3 0 of guanosine.. The diamine purine moiety was then reduced to 
the corresponding guanine moiety with adenosine deaminase . In 
a further diazoation reaction described by Singer and 
Kusmierek, Biochemistry 15: 5052 (1976), a mixture, of 2' and 
3'-0-ethyl guanosine was reported to result from the treatment 

35 of guanosine with diazoethane • The aikylation also resulted in 
alkylation of the heterocyclic base, the alkylated product was 
treated with base to remove the ethyl group from the 



wo 94/02501 PCr/LS93/0680- 

- 3 - 

heterocyclic base. The resulting, product. ..was ■ identified by 
virtue of having the same W spectrum .as .th,^ but 
a Rf differing from the Rf of guanoqine... : ; 

A further improvement ^^in the synthesis-pf 2'-0-methyl 
5 nucleosides was report ed_ by InoMe^.H. ^ . H^yase, . ^Y. Imura, A., 
Iwai, S/, Miura, K. and Ohtsuka,^ . E . , Nucleic Acids Research, 
15:6i3i (1987) . This^^method of synthesis was effected 
utilizing CH3I ^ in , the,, pre^setnce .af , AggO.., ^ .This. method proved 

useful for all of the.^cpmrripn nucieofeides with; the exception of 

10 guanos Ine- As _ r-sported. .t^^ the.se authors, guanos ine proved 
refractory ^to .this ..s^mth^ Thus : these authors again 

had to effect .the ^,.2/. -O-methylation . of guanosine with 
diazomethane . In order to ayoid. methylatipn .of the amino 
" functiotiality of the guanine . ba^.e . .mqiety, the . guanine base 
15 moiety was blocked with an isolDUtyryl . group . Additionally, to 
avoid methyl esterif ication of the 3 '.-Q functionality of the 
' sugar mo Tety, a TIPD^ (tetraisopr^opyldisiloxane) blocking group 
was used to block both the 3 ' and the. 5' hydroxyls of the sugar 
mdiety . 

20 Sprbat et al . , supra and Sproat, B.S.,. Iribarren, 

A.M:/ Garcia/ R.G. and Beijer, B,., Nucleic Acids Research, 
19:733 (1991) addressed the synthesis of 2'-0-methyl guanosine 
"(krid 2 ' -O- ally! guanosine j . In both of ,thes^ Sproat et al . 
publications/ the investigators presented^ a further synthetic 

25 pathway to 2' -O-methylguanosine and 2 ' -0-allylguanosine . They 

' characterized the further pathway with re.spect to the prior 
known synthetic methods as "avoids (ing) . . . the use of the highly 
' toxic and potentially explosive reagent diazomethane" and being 
"far superior to the use of silver oxide/methyl iodide." This 

30^ same' synthetic method of " the Sprbat et al . investigators is 
al'so 'published in B.S. ' Sproat' and A"i. Lamond, "2'-0- 
Methyloligbribonucleotrdes : synthesis and applications," 
Oligonucleotides and Analogues, ed. F. Eckstein, (IRL Press, 
*'1991) which described syntheses of 2 ' -O-methylribonucleoside- 

35 3 ' -o-phosphoramidites . The uridine phosphoramidite synthesis 
described therein requires both base and sugar protection of 
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■: jtjhe start ing.:nucl^eosi-de prior to alkylation; Only after the 
base: and. sugar protecting groups ar^ in place on the uridine is 
it then alkylated. Post alkylation/ the base protecting group 
: .. i-s - removed^ -followed by- * 5 ' -O-dimethoxytritylation and 
5. phosphitylation. ■ -The cytldihe" phosphoramidite synthesis 

. .. described by Sproat ^and Lamdnd ^utilizes (and thus requires) the 
base ^nd sug^ar blocked 2 ^-O-methyl uridine arialog. This analog 
, is than -converted to a blocked cytidine analog, the blocking 
group is -removed . f-rotrv the- • sugar, the apalog is 

10 dimethoxytritylated and finally phosphitylated . The' guanosine 
phosphoramidite . synthesis: taught -by Sproat- 'und Lamond starts 
from, a 2 -amino:-6-chloronuclebside 'havirig 5' sugar 

hydroxy groups. blocked. This '^nucleoside li converted to a 2,6- 
dichloro .deriva'tive. v.- * The'- dichl'oro compound' is then 2'-o 

IS alkylated. Following -^O-alkylsLtioii; the^d compound is 

■ converted to a dia-zido ihtermediatev^ The diazido intermediate 
is in turn converted "to a dia;mino intermedlkte. ' The diamino 
intermediate is theii dekminated to* the' guanosine analogue. The 
2 -amino group of the guandsine analogue iV blocked followed by 

20 dimethoxytritylatioh 'and' finally 'phosphityiatioh. This 
guanosine procedure ' is also published in Sproat, et . al . , 
Nucleic Acids Research, 1991 19:733: 

^ The above' synthetic procedures involve multiple steps 
and numerous ' reagent ' treatment's ^ - *" 9 ' different reagent 

25 treatments for uridine, 10-^ for cytidine and 12 £or guanosine. 
For the cytidine and guanosine conijjounds at least one of the 
reagents that is required is riot readily available and thus is 
a very expensive reagent- ' > . . 

- Other groups have taught the preparation of other 2'- 

30 O-alkylated nucleb^'ides • ' '2 ' -O-itiethylthiomethylguanosine, was 
reported - by ' Hansske, F. V'* Mlid^ j , -D. and Robins, M.J., 
Tetrahedron, 40:125 (1984). It ^was produced as a minor by- 
product of ah bxidizatioil step during the" conversion of 
guanosine to * 9-S-D-arabinof urandsylguaninS', i.e. the arabi no 

35 analogue of guanosine. The addition of the 2 ' -O-methylthio- 
methyl moiety is * an artifact" from the DMSO solvent utilized 
during ihe oxidization proc'edure^^ The 2 ' -0- methyl thiom'^thyl 
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derivative of 2 , 6 -diaminopurine.; riboside was also reported in 
the Hans^ke. et al. publa-cation-.-; It,. -.was'- also" -obtained as an 
artifact from the, DMSp solvent ,: . • 

. . J.n addition,.. -Gladkay a, et al-. , rKhim. ■:prir. Soedin. , 
S .1989, . 4,. 5.6f discloses N,-methyl -.2 ' tO- ( tetrahydropyran- 2 -yl ) 
. r^"*^. ?Viano§ine.o.Sprpait.^^^^^ et ral. ; -Nucleic Acids 

■^^®^,^^^/ >9.9X, -is, -.^as, -te.aches..^.^^^ 2'-0-allyl- 
. guanosine. .fllylatip.n- of gtianojsihe required a ^furt her synthetic 
. - Pathway . , J,3:.ibarr^.n , e t .--ai-- , Str.oc^ : Na tl Acad . Sci . , 1990, 87, 
1? 7747, also .studied 2-':-iQ-allyl.. oligoribonuql^o^feides . Iribarren, 
.-. ■ r^ftr.^^^^^^^ 2;' -0.-.^nethyl-;; : 2 '■■ -O-dllyl-', and 2 ' -O- 

: . r5^i">ethy;lal,lyl -substituted nucleotides-into oligbribonucleot ides 
r i ,- ?.^"^y r:the:,.<=e:f f ect: .: .-of these- J. RNA;: afiailogues on ant isense 
- ^^Z^A^-- .'. .-I,riba:pren:. . found i that. •: ' 2 ' -O^ailyl containing 
.15 o.l,igpri^opucleqt ides are resist^^ digestion by either RNA 

: /^f^.: ji^^cleases ...and- . slightly:. . more resistant to 

... T nucleases .wi^h dual RNA/DNA specificity, than 2'-0-methyl 
: . oligojribonucleotides. .- .^Qw.ever, Iribarren-- found that 2'-0- 

^°n.^.^^^i^?: oligoribonucleotides exhibited reduced 
20 hYbri.dization to complementary- RNA sequences as compared to 2 ' - 
O.-tpethyX oligoribonucleotides.. Thus, Iribarren suggested that 
further attempts., to prepare, alkylated RNA probes, especially 
. .• those ^. superior, to . .2',^allyl . • cytidine containing 
oligoribonucleotides, should be , limited to 2 ' -O-alkyl groups 
25 containjing. less... than five carbon., atoms . . , ., 

Certain oligonucleotides , containing 2'-0-alkyl 
substituted nucleotides are promising ., candidates for use as 
human pharmaceuticals. Those -having long chain alkyl groups 
(i.e. four or more ca.rbon ato.rns). are particularly useful. For 
30 example, long chain alkyl groups may accomodate functional 
groups in appropriate orientation.with the opposing strand upon 
strand hybridlz.ati.on. Thus 2' -O- long chain alkyl nucleotides 
such as 2' -O- long chain alkyl g^anosine nucleotides are highly 
desireable in , some . cases . .. F.or use in .large scale therapeutic 
35 testing and eventually .for human . pharmaceutical use, large 
amounts, of these oligonucleotides must, be synthesized. The 
large amounts of oligonucleotides in turn., requires large 
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amounts of the 2' -O-alkyl ^nucleoside phosphoramidites used in 
synthesizing the' oligonucleotides. Consideration must 

therefore be given to both cost and purity of the starting 
phosphoramidites used in the synthesis of such 
5 oligonucleotides. As a general premise, as the number of 
synthetic steps increases, the cost of manufacture increases. 
Further as the number of steps increases, quality control 
problems escalate. In view of this, it is evident that there 
is a great need for new and improved procedures for preparing 
10 nucleosides and nucleoside phosphoramidites. 

OBJECTS OF THE INVENTION 

It is. an object of this invention to provide methods 
of synthesis of 2' -p-alkyla^^^ .nucleosides and nucleoside 
analogues. 

is an object o.f this invention to provide methods 
of synthesis of 2 ' -0- .and 3/ -0-al>:ylated 2 , e^ diaminopurine 
riboside compounds. 

It is an object of this .invention to provide new and 
improved synthetic methods for the preparation -of 2'-0-alkyl 
20 nucleoside phosphoramidites,. 

It is an object pf this invention is- to provide new 
and improved . syntheses , of . .2'-0-alkyl guanos ine 
phosphoramidites. 

It is an object ,pf this invention is to provide new 
2S and improved syntheses of . 2 ' -O-alkyl cytidine phosphoramidites . 

It is an object of this invention is to provide new 
and improved syntheses of 2' -O-alkyl uridine phosphoramidites. 

It is an object of this invention is to provide new 
and improved syntheses of 2 , 6-diamino-9- (2 ' -O-alkyl-S-D-ribo- 
30 furanosyl) purine phosphoramidites. 

It is an object of this invention is to provide new 
and improved oligonucleotide syntheses that utilize the 
improved phosphoramidite syntheses of the invention. 

These and other objects will become apparent to 
3 5 persons of ordinary skill in the art from a review of the 
present specification and appended claims. 
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SUMMARY OF THE INVENTION 

This invention 
structure: 



7 - 



includes cpmppunds having the 





HQ O— X 



5 wherein X is Ri-(R2)n' 

* 'is C3-C20 alkyl, alkenyl or C^-C^q alkynyl ; 

■ - R2 is halogen, hydroxy 1, thiol, keto, carboxyl, nitro, 
nitroso, nitrile, trif luoromethyl , trif luoromethoxy, 0-alkyl, 
. S-alkyl>' NH-alkyl, N-dialkyl, O-aryl,' S-aryl, NH-aryl, O- 
10 aralkyl-, S-aralkyl, NH-aralkyl, aminO/ N-phthalimido, 
imidazole, azido, hydrazine, hydfroiJcylamino, isocyanato, sulf- 
. oxide, sulforie, sulfide, disulfide, silyl, aryl, heterocycle, 
carbocycle, iatercalator, reporter molecule, conjugate, poly- 
amine, polyamide, polyalkylene glycol, polyether, a group that 
15 enhances the pharmacodynamic properties of oligonucleotides, or 
a group that enhances the pharmacokinetic properties of 
oligonucleotides; and n is an integer from 0 to about S. 

In other embodiments of the present invention 
compounds having the structure: 



'1^ 




NH — Qi 



zo 



0-x 
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" ' ' " '" wherein X is R^-(R2)n,; 
R^ is C3-C20 alkyi; ; 

^2 is NHj, H-imidazole, N-phthalimido; 
.5 "~V' is a hydroxy! blocking group; . 

' 2 is phosphate or ah activated phosphate group; 

q:^ and Qg independently are H or a guanosine blocking 
- group; and h is an integer from 0 to about 6, are also 
^ ■ provided * ' " - - - - ' - 

^° 'In still other 'Embodiments" b£ th'^ present invention 

are provided 'compounds 'having ' the st-'inicture : 

nh/ 




III ■ 

wherein X is i^zK^ 
' Ri is" C3-C20 alkyi C^-Cgo alkenyl or C^-Cjq alkynyl; 

^5 R2 is halogen, hydroxyl, thiol, keto/ carboxyl , nitro, 

nitroso, -nitrile, trif luoromethyl , trif luoroiiiethoxy, 0-alkyl, 
S-alkyl, NH-alkyi; N-dialkyl, 6-aryI, S-aryi, NH-aryl, O- 
aralkyl, S-aralkyl, -NH-aralkyl, amino, ' imidazole, N- 
phthalimido, azido, hydrazine, hydroxyl amino, isocyanato, sulf- 

20 . oxide, sulfone, sulfide', disulfide, silyl, aryl, heterocycle, 
carbocycle, intercalator, reporter molecule; conjugate, poly- 
amine, polyamide, polyalkylene glycol^ polyether, a group that 
enhances the pharmacodynamic properties of oligonucleotides, 
and: a group that enhances the pharmacokinetic properties of 

25 oligonucleotides; .and n is an .integer from 0 to about 6. 
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This invention also includes processes for the facile 
preparation of 2'-0 and 3 ' -0-monoalkyl or 2 ' , 3 ' -di-0-alkyl 
substituted guanos ine compounds such as compounds of Formulas 
I, II and III. Except for preparation with diazomethane , 
5 heretofore, direct alkylation of guanosine has proven to be 
refractory. The present invention provides direct 2' and 3' - 
O-alkylation of 2 , 6-diamino- 9- ( -S-D-ribof uranosyl) purine , i.e. 
2, 6-diamiriopuriiie riboside or, 2-aminoadenosine, which can be 
effected fbllbwfed by deamination of the 2 ' -O-alkylated 2,6- 

10 diamirio purine riboside to, the corresponding 2 ' -O-alkylated 
guanosine. . This, alkylation .can. be practiced^ if desired, 
without the use of blocking groups on either the heterocycle or 
the sugar moieties of , the. .nucleoside . Further unlike the use 
of diazomethane , which will, only yield the methyl alkylation 

15 product, alkylation as practiced in this invention is not 
limited to just methyl alkylation but is used to yield a 
plenitude of alkyl substituted guanosine and 2 , 4 -diaminopurine 
riboside compounds. The . necessary compounds used in the 
invention having the formula R-L wherein R is an alkyl group 

20 and L is a leaving group, are either commercially available, 
are known in the literature or can be prepared by procedures 
analogous to known literature compounds. 

The two step alkylation processes of the invention are 
further distinguished from the, six step procedure of the Sproat 

25 et al, investigators.. See the above -referenced Nucleic Acids 
Research, 18:41 (199Q) . and Nucleic Acids Research, 19:733 
(1991) publications^. •..In those procedures 2-amino-6- 
chloropurine riboside must first be blocked at both the 3' and 
5' positions, converted tp the 2,6-dichloro derivative, blocked 

30 at the 6 purine position, derivatized, to the 2 ' -O-methyl or 2'- 
0-allyl derivative, converted to , -2 , 6 -diamino;: derivative, 
deblocked about the 3^' and 5' positiojis and finally deaminated 
to the .2' -O-methyl or 2'-0-allyl guanosine product. 

In accordanca with the. processes of this invention, 

35 alkylation is effected- directly . on 2 , 6-diamino-9- (S-D- 
ribofuranosyl) purine with an appropriate compound having the 
formula R-L, wherein R is an alkyl group and L is a leaving 
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group-, in. the prese'nce' of a base of sufficient strength to 
ef feet:: removal of the" -proton from the 2' or 3' (or both 2' and 
. : ^3 ') hydroxyl^ ofc- the' ribofuranosyl sugar moiety of 2 , 6 -diamino- 
. .9- (S-D-ribofuranosyl) purine-. " Alkylation can be limited to mono 
. 5 alkylation by limiting the- amount of either the R-L group or 
the base to a stoichiometric (or equivalent) amount. Alter- 
nately dialkylation (on both the 2 ' and 3' positions) can be 
. practiced by use of ah excess R-L group and base to 
concurrently alkylate -both the '2^ and the 3 '' positions . 
10 While hot wishing to be bdiirid by theory, it has been 

observed' that alkylation * predomihates at the 2' position 
compared to the 3' position."' • Generally i ratio of from about 
7:3 to about 8:2 of 2' to 3 ' ' alkylWidn plbdu are obtained 
(as determined by TLC) . For both TLC as well ks preparative 
15 scale chromatography, the 2' product gfenerally has a faster Rf 
than .the .3' product . Advantage cah- be 'takeh of this Rf 
difference to . separate the 2'.-0-^ and - 3' -O- -products from each 
other- or from 2 ' -0-'/3' -O- ' dialkylated products . Thus the 2' 
and 3* alkylation product's can be separated by procedures such 
20 as silica gel chromatography if ' desired. 

For alkyl gr^oups that are generally larger than 
propyl, further advantage can bei taken of the rate of 
deamination of the 2' product verse the 3' product for 
separation of the -2 ' -O and 3 ' -O products . Thus mixtures of 2'- 
25 O and 3'-0 alkylated 2 , 6-diamino-9- (S-D-ribofuranosyl) purine 
are subjected to deamination with' adenosine deaminase. The 
enzymatic deamination of the 2'-0 product is more facile than 
deamination of the 3'-0 product. This difference in the rate 
of deamination allows for separation . of the deaminated 2' 
30 product, i'.e. the 2 ' -O-alkylated guanosine, from the slower or 
non- deaminated 3' product,, i. the 2 , 6-diamino-9- (3 ' -O- 
alkylated-S-D-ribofuranqsyD.pur . . Additionally procedures 
such as crystallization has been utilized to further separate 
a 2' product from the corresponding 3' product by separating 
35 the 2 ' -O-alkylated diaminopurine riboside product from the 
corresponding 3/ -p-alkylated diaminopurine riboside product. 
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A preferred base. uT:-.i.li2ed 'f or ' alkylat ion is sodium 
hydride. Other suita-ble bas;e.s may also -be utilized, however 
such bases must have sufficient.- base- strength to remove the 
proton from the 2' /.(or.,:3V). ..hycjroxyl moi.ety of the 2,6-diamino- 
5 purine ribpside .starting material . - While: ;not wishing to be 
bound by theory, generally any base having a PK3 about 10 pk^ 
units greatjpr. than the pKg of,, the. proton of. the 2' hydroxyl 
moiety of thjs 2, 6-diaminopu^ine Riboside vstarting material may 
be us^edv -^ox.^ ^P^^'^^:^9^}'\y ^ bases ; having a pK^ .greater than 
10 the pK|, of .^pdi.um hydride may conveniently be selected. Such 
bases can be^ ^elf.cteci- from, compilations ot such as those 

.^iyen in TabLg page 220 . of * March >. J . Advanced Organic 

Cheinis try, Wiley -Interscience Johiv Wiley & Sons, New York, 

1985.,.,, \_ : - , • 1 ^ ■ ;^ "' ■' 

15 . The alkylation reactions, of . the. invention - typically 

are conducteci in DMF as the solvent. Other suitable solvents 
..^include DMSG, : N-methyl pyroli done and sulfolone.* 

P.ref eirably, deamination is. effected by use of 
deaminase enzymes. . Particularly preferred is adenosine 

20 deaminase. . PaLrticularly suitable for use is Adenosine 
Deaminase Type II . available, from Sigma . Chemical Company, St. 
Louis, MO. ^ Other deamination reagents may also be employed. 
The deamination reactions of the invention - typically are 
conducted in a . mixture , solvent cqjitaining an organic solvent 

25 and jan aqueous buffer. Suitable, for use as the organic solvent 
are DMSO, N-methyl pyrolidone and sulfolone. In preferred 
embodiments of the present invention deamination is achieved 
using DMSO as the organic solvent. Suitable for use as the 
aqueous buffer are buffers having a pH compatible to the pH 

30 range of use of the deaminse enzyme. Preferred are phophate 
buffers such as sodium phosphate and tris buffers. 

In' order to enrich the 2' product verse 3' product by 
elimination of any 3' product; a TIPDS (tetraisopropylsiloxane ) 
protecting group is ''Utiiized to' protect the 3' arid 5' hydroxyl 

'35 moieties of this sugar' portions of the 2 , 6 -diaminopurine 
riboside. In the same manrier, eicclusive 3' product would be 
obtainable by use - of a -base -stable, ' ■ non^migratory 2 ' - O- 
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protecting group. ..Such-base stable, non-migracory protecting 
groups . include but are -not limited to tetrahydropyranyl (THP) , 
4-methoxytetrahydropyran-4-yl .(Mthp), 1 - [ { 2 - chloro-4 - 

methyl) phenyl -4 -methoxypiperidin-4-yl (Ctmp) , triphenylmethyl 
5 (trityl) , mono di - and tri-methoxytrityl and other similar 
protecting groups. 

In aqcord^nce. .with, this invention there are also 
provided improved processes for the preparation of 2'-0- 
alkylated nucleoside pho^phoramidites including 2' -O- alkylated 
10 guanosjine, cyti.dine and uridine phosphoramidites . 

In accordance with /me^ihods \;of' the :pre sent invention, 
preparation, of .a. .2/ -O- alkylated guanos ine^T' -O-phosphoramidite 
may comprises . the steps » of -^alkylating a 2 , S-diamino-S- 
Cribof uranosyl) purine to form a 2/-S:H.diamirio-9-* (2 ' -O-alkylated 
IS ribofuranosyl) purine; : deaminating - said 2'>*6-diamirio-9- (2 ' -O- 
alkylated ribofuranosyl) purine' to form- a 2 ' -O-alkylated guano- 
. sine; blocking the. 5*-hydroxyl moiety of said 2 ' -O-alkylated 
guanosine; and phosphitylating ' the 3 '-position of said 5'- 
blocked 2 ' -0-alkylated guanosine; 
20 Further in accordance with the invention there 2'-0- 

alkylated cytidine 3 -*0-phosphoramidite may be prepared by the 
steps of alkylating an unblocked cytidine to form a 2'-0- 
alkylated cytidine; blocking the S'-hydroicyl moiety of said 2'- 
alkylated cytidine; and phosphitylating the 3 '-position of 
25 said 5' -blocked 2 ' -0-alkylated cytidine.' 

2 ' -0-alkylated uridine 3 ' -O-phosphoramidite may be 
prepared by processes that include the steps of treating a 
• uridine with a dialkyltin oxide * to form a 2',3'-0- 
dialkylstanhylene derivative- of 'uridine; alkylating said 
30. - stannylene derivative of uridine to form a 2' -O-alkylated 
uridine; blocking the 5' -hydroxyl moiety of said 2' -0-alkylated 
uridine; and phosphitylating the 3' -position of said 5' -blocked 
2' -O-alkylated uridine. 

The 3 ' -O-phosphoramidite of 2'-0-alkyl guanosine and 
35 2 , 6-diamino-9- (2 ' -0-alkyl-j3-D- ribofuranosyl) purine can be 
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provided in: -some embodiments of the ^ present invention by 
reaction •of2-NH2, '5 ' -OH • protected" 2 ''-^^^^ guanosine or 

2=NH2, ^'-^2' 5' -OH protected 2, 6-di;amin6-§- (2' -O-alkyi 

. • ribofuranosyl) purine with'-commerciaiiy reagent knovm 

5 to those- skilled ^ in ' tHe ^rt such as 2-cyanoethyl N,N- 
diisopropylaminochlorophosphirie . ' 

r:r -a^v '-o-alkyl ^gKi^noVin4 and 2 ' -O-alkyl-2 , 6 -diaminopurine 
riboside may -be ^)hosphitylat^ ttie' s'-OH to provide 

phosphoramidlte^ " by 1^^^ * kiibwti ' In "the art s^uch as by 

10 ,p?rpt^ct5a^n:.:-G^;c: fch^^ 1^ -moieties S[2- 'or "2- and 6- NR^, 
::,,T^s^^Q^x^/eay)f::.b^atT^ ^'moi^'ty - ifollbwed by reaction with 

' ...cyaAoethyl oN^ N^diisc^propyi a'minochlorophosphine • 

- i^'^Compounds'. of v-cthe present invention such as are 
, pravidejii-i ./herein ^ can^ be -incoxporat fed into ol-igomers by 
.15 , procedur€i3 ;J?nown.- to:,those skilled in the art ' 

• • ... I ;^In:^ accordance -with- methods of the present invention 
■ pligon^cleotide^'t includes at least one "2 ' -G-alkylated 
_ . gruanosine nucleotide within the. oligonucleotide- may be prepared ■ 

by processes comprising ^the steps of alkylating a 2,6-diamino- 
20 9- (ribofuranosyl) purine to form a 2 , 6-diamino-9- (2' -O- alkylated 
_ . ribofuranosyl) purine; deaminating said 2 , 6 -^diamino- 9 - ( 2 ' - O- 
, . alkylated: ribofuranosyl) purine to, form a 2 ' -O-alkylated guano- 
sine; blocking the 5 ' -hydrqxyl moiety of ; said 2 ' -0-alkylated 
guanosine ;. phpsphitylating the 3 ' -position of said 5 ' -blocked 
25 2' -O- alkylated guanosine to form a 2/; -Q-aikylated guanosine 3' - 
p-phosphoramidite.; and coupling, , utilizing phosphoramidite 
..coupling conditions, said 2 ' -O-alkylated guanosine 3'~0- 
. phosphoramidite to a 5/-hydro?cyl moiety ;of an oligonucleotide. 

Further in. accordance with the a there are 

30 provided, : processes. . for- preparing c an v oligonucleotide that 
include, at l^east one. 2 '.-O-alkylated cytidine nucleotide within 
the sequence of the oligonucleotide, the processes comprise 
the steps of alkylating a cytidine to provide a 2/ -.O-alkylated 
cytidine; blocking the 5'-hydroxyl moiety of said 2'-0- 
35 alkylated cytidine; p.hosphitylating the.; 3 ' -position of said 5' - 
blocked 2 ' -O-alkylated .cytidine. to. form a 2 ' -O-alkylated 
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cytrdi'ne * 3 ''-O-phosphqramidite,; . .and coupling, utilizing 

^ ^ phospho*^ramidite '''"'coupling chemistry, said 2' -0-alkylated 
* cytidihe 3' -O-phpsphorami.dite .tr a. 5'-hydroxyl moiety of an 
oligonucleotide. . . - - , • \- • 

S' Further in , ?Lccordance with the, invention there are 

provided processes. . for preparing an oligonucleotide that 
include at least fone 2 ' -O-^alkylated within 
the sequence of the oligonucleotide./, ths:; processes comprise the 
steps of treating uriding .mth :dialkyltin oxide^ to form a 

10 2 3 ' -O-dialkylstannylene ..derivative .of : . uridine ; alkylating 
said stannylene derivative ^to providje a"2 Irrt-Oriaikylated uridine; 
blocking the,5 ' ^hydroxy 1 motie.ty. of ;-said 2 ' -O-alkylated uridine; 
phosphityla.ting _ the / -3 \- position ^'''^f " --sa 5' -blocked 2'-0- 
_ alkylated uridine -%to -form • a- -2 ''-'Q-~alTcyla^ 3'-0- 

15 phosphoramidite; and coupling, utilizing phosphoramidite 
chemistry, said: 2 ' -0-alkylated uridine 3 ' -O-phosphoramidite to 
a 5 ' -hydroxyl moiety of an oligonucleotide » 

. :. ■ - Further in accordance with the iriverition there are 
provided processes --for preparing * a'n oligonucleotide that 

20 include at least one 2 ' -0-aikylat:ed ' 2 , 6-diamino-9- (S-D- 
ribofuranosyl) purine -nucleotide within ' the sequence of the 
oligonucleotide, the processes comprise the steps of alkylating 
a 2 , 6-diamino-9- (S-D-ribofuranosyi")'purihe" to provide a 2'-0- 
alkylated 2, 6-diamino-9- (S-D-ribofuranosyl) purine; blocking the 

25 5' -hydroxy! moiety of saiid 2 ' -O- alkylated 2 ,.6-diamino-9- (E-D- 
ribofuranosyl) purine; phosphitylating the 3 '-position of said 

* ' 5' -blocked 2' -O-alkylated 2 /6-diamino- 9- (fi-D-ribof uranosyl) - 
purine to form a 2 '-O-alkylated 2 , 6-diamino-9- (S-D-ribofurano- 
syl) purine" 3 ' -O-phosphoramidite; .and coupling, utilizing 

30 phosphoramidite chemistry, said 2'.-0-alky.lated- 2, 6-diamino-9- 
(15-D-ribof uranosyl) purine 3' -O-phosphoramidite to a 5' -hydroxyl 
moiety of . an oligonucleotide 

Oligomers of .the present invention, may contain at 
least one .subunit haying -the structure:- 
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S-alkyl, NH-alkyl, N-dialkyl, 0-aryl, S-aryl, NH-aryl, o- 
aralkyl, -S-aralkyl, NH-aralkyl, . amino,. imidazole , N- 
phtharimido, az'ido'/ hydf azino, hydroxylamino,. isocyanato, sulf- 
oxide, siiif one, sulfide; "disulfide, silyl, aryl, heterocycle, 
5 carbocycle, intercalator , reporter molecule, conjugate, poly- 
ami ne,. poly amide, poryalkyi^nk'grycbi , poly^ a group that 

. enhances the phirmacddynamic properties of oligonucleotides, or 

..... . ■ ■-- I- *' 

a - grdup ' that ''ehhahce's' the' "phazmacokinetic properties of 

oligonucleotides r ^ ' - - ^ " ' 

10.. r: xTy^^and Tj ah<iependisntiy are 'OH or a further nucleotide 

or hnucleoside C2>f ^ said '^^^ or oligohucleoside that 

..-j-i&yj'Qined ^to siaidP istructXlre^; and^ ' 

• , ^ n isnaix: int^ger^ from O to about 6 . 

. . - .y - . .-Such oligomers V may be prepared by 

15 , solid .state rsynth^sis or by other-meains knbwn to those skilled 

in the .art, ; .-.;.]' :,iM:zz:. ! , " .:. 

In ^.,-. the context" ■ rof this - invention, the term 

"nucleoside." . refers, to .-a ;^ugar and;, a base that are joined 

together, . ^normally .abpjit .an^^ "^anomeric." carbor on the sugar. 

20 Both Qt and 15 . sugars are encompassed by the present invention. 

in, preferred em^DodimentSs. ..-of the present invention the 

nucleoside sugar is, a ,pentofuranosyl. .sugar^ however, other 

sugars might al.s;.o., be utilized such as carbocyclic or 4'-deoxy- 

4'-fchio sugar anaJl^ogs • - ^ ^ . , 

25 the . context r of , pthis invention, the term 

"oligonucleotide " or ,"oligom.er" refers, to a polynucleotide 

formed from naturally occur ing bases and furanosyl groups 

joined by native phosphodiester bonds . .Oligonucleotides of the 

present invention will, of .course, comprise at least one 2'-0- 

30 alkyl guanosihe or derivative thereof. Thus, this term 

effectively refers to naturally occurri^ng species or synthetic 

species formed from naturally occurring subunits or their close 

homologs. ' The term "oligonucleotide" or "oligomer", may also 

refer to moieties which have jidrtlons similar to naturally 

.35 occurring ^ oligonucleotides but which have . non-natural ly 

occurring portions. Thus , oiigonticlebtides may have altered 

sugars, altered base moieties, or altered inter-sugar linkages. 
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where irt X is R^^ (Rj) „; 

R^ IS Cj-Cjo 
alkyl, C^-Cjo stlkenyl 
C2-C20 slkyiayl; : ' 

5 "Rj is halogen, hydroxyl/* thiol*; keto, carboxyl, nitro, 

nitrosb, hitrile/ trif luordtneth'yi / trifluo^^ 0-alkyl , 

S-alkyl; NH-aikyl, N-dialkyi/ 0-ai^ NH-aryl, O- 

arklkyl7 ' S-aralkyl, 'NH-^ralkyl, ' ' amino, imidazole, N- 
phthaiimido, azidoi*^* hydrazine, hydroxylamirioi isocyanato, sulf- 

10 oxide, sul'fone, sulfide, disulfide,' silyl, 'a^ heterocycle, 
carbocycle, xnterciiator, repor^tfer molecule, conjugate, poly- 
amine, polyamide, poiyaikylene glycol, polyethei:, a group that 
enhances the pharmacodynamic properties of oligonucleotides, or 
a group that enhances" the pharmacokinetic properties of 

IS oligonucleotides; 

T3 and T5 independently are "OH or a further nucleotide 
or nucleoside of said oligonucleotide or oligonucleoside that 
is joined to said structure; and 

n is an integer from 0 to about 6. 

20 In still cither embodiments of the present invention 

oligomers of the preserit invention may contain at least one 
subunit having the structure : 




wherein X is Ri-(R2)f^; 

R, is C^-Cjo alkyl, Cj-Cgg alkenyl C^-C^q alkynyl ; 
25 'R2 is halogen, hydroxyl, thiol, keto, carboxyl, nitro, 

nitroso, nitrile, trif luoromethyl , trif luoromethoxy, 0-alkyl, 
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Exemplary among these are the phosphorothioate and other 
sulfur-containing species which are known for use in the art. 
In accordance with some preferred embodiments, at least some of 
the phosphodiester bonds of the oligonucleotide have been 
5 substituted with, a .structure which functions to enhance the 
stability of the oligonucleotide or the ability of the 
oligonucleotide to penetrate into the region of cells where the 
messenger RNA is located. It is preferred that such 
substitutions comprise .phosphorothioate bonds, 

10 phosphotriesters, methyl- phosphonate bond^ short chain alkyl 
or cycloalkyl structures, or short chain heteroatomic or 
heterocyclic structures. Other ,. preferred substitutions are 
CHj - NH - O - CH2 , .CH2 - N ( CH3 ) - O - CH2 , . CHj - O - N ( CH.< ) -CK^, - N ( CH3 ) - 

N(CH3)-CH2 and 0-N(CH3) -CH2-CH2 Structures where phosphodiester 

15 intersugar. linkage is replaced, by the substitutions. Also 
preferred are morpholino structures, Sum.merton, J.E. and 
Weller, D.D., U. S . 5 , 034 , 506 ^ issued .July 23, 1991. In other 
preferred embodiments, such as the protein-nucleic acid (PNA) 
backbone, the phosphodiester backbone of the oligonucleotide 

20 may be replace with a polyamide backbone, the bases being bound 
directly or indirectly to the aza -nitrogen atoms of the 
polyamide backbone. P.E. Nielsen, et al . , Science 1991 254 
14 97. In accordance with . other preferred embodiments, the 
phosphodiester bonds, are substituted with other structures 

25 which are, at once, substantially, non- ionic and non-chiral, or 
with structures which are chiral and enantiomerically specific. 
Persons of ordinary skill in the art will be able to select 
other linkages for use in practice of the invention. 

Oligonucleotides may also include species which 

30 include at least some modified base forms. Thus, purines and 
pyrimidines other than those normally found in nature may be so 
employed. Suitable bases include, but are not limited to those 
described in U.S. Patent 3,687,808. Similarly, modifications 
on the furanosyl portion of the nucleotide subunits, in 

35 addition to 2'-0-alkyl modifications of the present invention, 
may also be effected, as long as the essential tenets of this 
invention are adhered to. Examples of such modifications are 
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. - .2 ' -halogen-substituted' nucleotides . Some specific examoles of 
.modifications at the 2'^ position of sugar moieties which are 
us^e.ful in, the- present invention are OH, SH, SCH3, F, OCN, 
0(.CH2)„rTH2/ CI. ^Br, CN, OCF^, S- or N- alkyl; S- or 

• ,5, .alkenyl;- ^SOCHj/ SOjCH^; ONOj; NOg; Nj; NHj; heterocycloalkyl ; 
.heterocycloalkaryl ; aminoalkylamihb ; ' polyalkylamino ; 
substituted silyl; an RNA cleavixig group; a' conjugate; a 
reporter group; an^ intercalator; group for improving the 
pharmacokinetic properties of - an- oligonucleotide ; or a group 
10 for improving the pharmacodynamic properties of an 
oligpnucXeotide arid other • substit\ients ' having similar 
properties. Sugar mime tics^- such' as cyclbbutyls may also be 
used in place of the pentofurstribsyl group'. dligonucleotides 
may. also .comprise other modifications consistent with the 
15 spirit . of . this - invention. * Such' ''oligonucieot ides are best 
described as being functionally - interehangreable with yet 
structurally distinct from natural oligonucleotides. All such 
oligonucleotides are comprehended by this invention so long as 
they .effectively function as subunits in the oligonucleotide. 
20 Preferably cligonucleotides of the' present invention 

are from about 6 to about 50 nucleotides in length. In still 
more preferred embodiments' of the present invention 
oligonucleotides are from about 12 to about 20 nucleotides in 
length. ; _ ' ' * ■ 

.25 Pux-ther as used - in this ' invention, the term 

"alkylating" . refers to the addition of an alkyl, alkenyl or 
alkynyl. moiety, preferably an alkyl moiety, to the precursors 
^ of the nucleosides phosphbramidites of the invention. 
Alkylation of the 2' position of the" nucleoside* sugar links the 
.30 alkylating moiety to the 2' position of the sugar via an ether 
linkage. ^ 

Preferred alkyl moieties indlude un-substituted and 
substituted straight chain C^-Cjq alkyl and un-substituted and 
substituted branch chain C^-Cjo alkyl. Preferred alkenyl groups 
35 include- un-substituted and substituted straight chain Cj-Cjq 
. alkenyl, and un-substituted and' substituted branch chain Cj-Cgo 
alkenyl 'Preferred alkynyl groups include un-substituted and 
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substituted straight chain C^-C^^ alkynyl and un-subst ituced and 
substituted branch, chain C^-C^q: alkynyl-." "-Thus preferred 
alkylation groups include but are not limited to to C^q 

straight or branched chain lower alkyl or .substituted lower 
5 alkyl, to Cjq • stra;iHht pr ..branched chain- lower alkenyl or 
substituted lower alkyiiyl, Cj tp Cjo straight or- branched chain 
lower alkynyl .or . substituted Idwer ..alkyhyl . 

.^IJcyl groups . of ; t?.he , /invention include but are not 
limited t;9, _q,-C^^^ such as 

^° ®^^y^f Pehtyl/ -hexyl, heptyl, octyl, 

npnyl,. . decyl, .- u dpdecyl, ;. tridecyi, tetradecyl, 

pentadecyl^ Jiexadecyl, pctadecyl , nonadecyl and eicosyl, 
isopropy . 2r.bi4tyl, • ispbutyl, . 2-methylbucyl, isopentyl, 

2-m®.tftX^'^?^!^?y^^^ and 2-propyl- 

^5 .per^tyl ... Alkenyl. g^ not limited to, 

unsaturat;^d moieties derived .jf.rom the above alkyl groups 
. . including, , but .not ,• limited- to, vinyl, allyl and crotyl . 

Alkyriyl g;rqups include ..unsaturated moieties having at least one 
. triple, bond, that are derived from -f he above alkyl groups 
20 including, , but not limited; .to,, ethynyl and propargyl . 

S.ubsti„tuent ^.roupSi.for the above include but are not 
necessarily limited, to . halogen (CI, Br, F) , hydroxyl (OH), 
thiol (SH) . keto (C=0) , carboxyl (GOOH) , nitrate (ONOj) , nitro 
(NOj) , nitroso (NO), nitrile (CN) , trif luoromethyl (CFj) , 
25 triflupromethoxy (OCF3) , O-alkyl , S-.alkyl, NH-alkyl, N-dialkyl, 
0-aralkyl, S-aralkyl, NH-aralkyl,: amino (NHj) , azido (N3) , 
hydrazino (NHNHj) , hydroxylaminp (ONHj) , isocyanato (OCN) , sulf- 
oxide (SO) , . sulfone . (spg) , sulf ide .. (S- ) , disulfide (S-S) , 
silyl, heterocyclic, alicyclic, ; carbocyclic, intercalators , 
30 reporter molecules, conjugates, polyamiries., polyamides, poly- 
ethylene glycols, polyethers, groups that enhance the pharmaco- 
dynamic properties of oligonucleotide?, and groups that enhance 
the phainnacokinetic properties of: oligpnucleotides. Such 
compounds include 3-penten-2-pnei. 3 -methylr2-butanol , 2- 
35 cyanooctyl, 3-methoxyT4-heptanal:,.,.....3-nitrobutyl, 4-isopro- 
poxydodecyl, 4-azido-2-nitrodecyl-, .5-mercaptononyl, 4-amino-l- 
pentenyl as well as other subst.ituted groups. These 
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substituted groups can be introduced- in • a blocked or protected 
form and later^ de:-blocked to the parent substituted compound. 
For example, use of the phfchalimido group as a blocked form of 
an amino, substitution is. illustrated below. - 
5 Other suitable substituent groups include 

intercalators reporter - groups , :- reporter enzymes , and 
conjugates including cholesterpls , 'phospholipids, biotin, 
phenanthroline,, phenazine, . .; phenanthridine, anthraquinone , 
acridones/ pyrenes, stilbenes,...' .oxazolo-pyridocarbazoles, 

10 anthraquinoneis , phenanthridines, i.ph^nazines, azidobenzenes, 
psoralen?,, porphyrins.,.- chqlic acids, folic -.acids fluoresceins, 
rhodamines., • . coumarins, ^ and .dyes; stexoids, lipophilic 
molecules,, peptides , .protein,, vitamins , RNA cleaving complexes, 
metal ctielators , .alkylatprs and cross -linking agents. 

15 One . particularly preferred 3ubstlfcuent- group is CF3 . 

Further particularly preferred substituent groups are phthal- 
imidq and .imidazole , . As noted, use of the. phthalimido group 
allows for introduction of a blocked amino functionality on the 
alkyl group. ^ Utilizing ■ guanosine analogues; prepared in 

20 accordance with . . this invention r as - intermediates in 
oligonucleotide synthesis, after pligonucleotide synthesis is 
complete, the phthalimido group is removed yielding an amino 
functionality tethered, to, a guanosine nucleotide within the 
oligonucleotide .sequence. Use of an imidazole moiety as a 

25 substituent group on the alkyl functionality introduces the 
suggested nucleic acid cleaving functionality, imidazole, on a 
guanosine nucleotide , within an oligonucleotide sequence. 

Aryl groups include but are not limited to phenyl, 
tolyl, benzyl, naphthyl, anthracyl, phenanthryl, pyrenyl , and 

30 xylyl. . Halogens include fluorine, chlorine and bromine. 
Suitable heterocyclic groups include but are not limited to 
imidazole, tetrazole, triazole, .pyrrolidine, piperidine, 
piperazine and morpholine. Amines include .amines of all of the 
above alkyl, alkenyl, alkynyl and aryl groups including primary 

35 and secondary amines and "masked amines" such as phthalimide. 
Amines are also meant to include polyalkylamino compounds and 
aminoalkylamines such as aminopropylamine and further 
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heterocyclo-alkylamines such as " imidazol-l, 2 or 
4 -yl -propylamine RNA cleaving complexes may be, for example, 

- intercalators or groups which' bind' in 'the minor groove of RNA. 
Intercalatbrs are molecures which insert themselves between 

5 neighboring bases of an ol-ignoueleotide'. Reporter mo.lecules are 
molecules which -way aid in ttte idefttif ication of a molecule, 
. .. ..wither-visually or otherwise. Cross -linking agents effectively 
; join two" groups L - /■ 

- Suitable leaving- groups 'of' the present invention 
: 10 r include halideS > isuch as chldrid^e , brdmide ; and iodide , 
sulfonates such as tosyi; brbsyl, riosyl, mesyl and trifyl and 
/ , . :oxonium:-.:ions o : - in . prelferred ernbodiments of the present 
invention ther-^leaving group is a halide. Still other suitable 

- leaving groups are well known to those skilled in the art . 

15 : ^'-^ In-accordahce^ w the present invention, 

; the f alky lat ion- 'x^ in the presence of a 

base.^^ preferably a- medal hydride sue as sodium hydride. 
,'Al^ylation: : of " the 2 ' , 3-' -O-dialkylstannylene. derivative of 
: uridine preferably is performed in the presence of a salt such 
20 as a. metal halide* Cesium flouride and sodium iodide are 
:pref erred in some embodiments ' of the present invention. 
. Additionally^ the 5 hydroxyl 'blocking group is preferably a 
dimethoxytrityl moiety.^ The phosphitylating reagent is 
^preferably bis-N, N-diisopropylaminocyandethylphosphite and the 
. 23 phosphitylating reaction is -' preferably conducted in the 
^'preserice of N-diisopropylamino-hydrotetrazolide , 
- ^ ^ ' In effecting the alkylation of uridine, 2',3'-0- 
• (dibutylstannylene) uridine is alkylated. The dibutyl- 
'sta;nnylene derivative in turn' was prepared in one step from 
30 uridine by reaction' with" dibutyl tin " oxide utilizing the 
procedure of by Wagner, D. , Verheydeh, J.P.H, and Moffat, J.G. , 
J. Org. Chem. 1974, 39:24. As noted by these authors, 2',3'- 
di-0- (dibutylstannylene) nucleosides are activated cowards 
alkylation. By using the dibutylstannylene derivative 

35 alkylation of the sugar hydroxyls was effected without 
concurrent alkylation of the uracil base. The 
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dibutylstannylene group thus served as a activating group not 
a blocking group. 

For the synthesis of N4-;benzoyl-5' -O- (4 , 4 ' - 
dimethoxytriphenylmethyl).-2' -O-methyl cytidine 3'-0-S- 
5 cyanoethyl-N,NTdiisopropylaminophosphoramidite two methods for 
the preparation of . , the intermediate : N4 -benzoyl -2 ' -O- 
methylcytidine are compared. Method A involves blocking of the 
3' -5' sites with the TIPS-Cl reagent to allow methylation only 
on the 2* position. Method B, . a .preferred, method of the 

10 invention, uses a direct methylation of cytidine followed by 
separation of the resulting mixture of 2' and 3/ isomers. The 
overall yields are comparable. In using. Method . B, the 2'-0- 
isomer can be crystallized out from the mixture, filtered and 
the remaining mother' liquors ' taken' through the 

15 dimethoxytrftylation step prior to separation of the 2' and 3' 
isomers or alternately* the totality of the alkylated cytidine 
can be taken through the dimethoxytrityl'ation step with 
separation of the 2 ' isonter^ only effected after this step. 

In effecting the alkylation of guanosine, 2',€ 

20 diaminopurine is alkylated, for example, by methods described 
in Attorney Docket No. ISIS-710, filed October 27, 1992. 

The amino moiety of the phosphoramidites of the 
invention can^ be selected from various amines presently used 
for such phosphoramidites . Such amines include both aliphatic 

25 and heteroaryl amines as are described in various United States 
patents, principally those to M. Caruthers and associates. 
These include United States patents 4,668,777, issued May 26, 
1S87; 4,458,066, issued Jul • 3, 1984 ; 4 , 415 , 732 , issued Nov. 
15, 1983; and 4,500,707, issued Feb. 19, 1985, all of which are 

30 herein incorporated by reference. One preferred amino group is 
di i sop ropy iamino . 

In • addition to " the amino moiety of the 
■ phosphoramidite, for ' phdsphodi,^ ste'r and phosphorothioate 
linkages, an additional phosphorous blocking group is used. One 

35 preferred blocking group is the cyanoethyl group. Other 
phosphorous blocking groups include methoxy and 2 - 
(methylsulphonyi)*ethyl . Additionally an activating agent is 
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normally used for the phosphoramidite coupling chemistry. One 
pref erred activating agent * is ' N-diisppropylaminohydro- 
tetrazolide. Other suitable moieties for these functions are 
also disclosed in the "'above noted patents as well as in United 
5 States patent 4, 725, 677/' issued' Feb. 16 , 1988 and B.erner, S., 
Muhlegger, K; ; and Seiig^f , H. , ' Nucleic Acids Research 1989, 
17: 853 ; bahi , Nielsen, j/ and Dahl , .0 . , Nucleic Acids 

' Research iSBl , ' lk:1729 f azi^ j. Marugg,. J, E . , Van Boom, 

J/H. , Honhehs, J / taagaard/ M, and Dahi, .0. , _.J. Che^. Research 
^10 1986, 26, ail of which are herein incorpprated by reference. 

Fbr "use " in' phpsphorothipate linkage,, the Beaucage 
reagent: i^ described in Beaucage, S.L. and Caruthers , M,H., 

■ "'Tetrahedron Letters 1981, 22:1859 a as in Zon, G. and 

' Stec, J. , Phosphorothioate , pl^ Oligonucleotides 

15 and Analogs A Practical Appxo^qh; Eckstein, F. Ed. ; IRL Press, 
Oxford, 1991, which. also, descrij^es. sulfurization by elemental 

sulfur . , ^. ... * . 

Antisense therapy, involves the use of oligonucleotides 
which are specifically hybridizable to target RNA or DNA. 

20 Oligonucleotides of. the present invention are preferably 
specifically hydridizable with a target region. By 
"specifically hybridizable" herein is meant capable of forming 
a stable duplex with a target DNA. or -RNA.- Upon, binding to, or 
forming a stable dupiex. with,, , the target ,:RNA or DNA, the 

25 antisense oligonupleptide can. .seljectively. inhibit the genetic 
expression of these nuQl.eic acids or can induce some other 
events such as destruction of. a targeted RNA or DNA or 
activation of gene expression... Destruction of .ta.rgeted RNA can 
be effected by RNase. H activation or by . linking strand cleavers 

30 to the oligonucleotide.. Antisense therapy, is known in the art. 
See for example, PCT/US91/05720 . filed December 3, 1991 
entitled "Antisense Oligonucleotide Inhibitors of 
Papillomavirus" and .PCT/US91/01327 , f il^d February 25, 1991 
entitled "Oligonucleotide Therapies , .for Modulating the Effects 

35 of Herpesvirus". ^ . - i 

In some embodiments o.f the present invention the 
oligonucleotide portions of comppunds^of the present invention 
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are at least 60%, . complement ary.. to . a:-, target " sequence . In 
preferred^ etgbodimentS;. \ of ^ -the ■ present- -invention the 
^oligonucleotide. portions of compounds of thepresent invention 
are at least 80% complementar^v^- ,to. a target sequence. 100% 
'5 complementarity of _ the oligonucleotide portions of compounds of 
th^ present invention to a target sequence iS' most preferred. 
In pref ^^rjred embodiments - .- of the - present '- invention, the 
oligpnucleot.ide ppntipns may be-specif ically^-hybridizable with 
DNA or RNA from- Candida,* ;papillQma^vlj7us /: Barr virus, 

10 rhinpvirus, ,hepatitiS/ h^man-dmrnunodef ic-iency virus, herpes 
simple^c . virus ^ inf luenza^ virus, andocytomegalovi^^ . 

. . .2' -O^alkyl.guanosine containing .oligonucleotides and 
2,6-diamino purine containing oligonucleotide-^ • of the present 
invention may be used to modulate the production of protein by 

15 contacting a selected sequence of RNA .::o^.^-DNA:^- coding for a 
selected protein with anv: 2 ' -p.-al^kyl- guanosihe- or 2 i 6 -diamine 
purine containing oligonucleptide ,.of _ the present invention 
having a sequence of nucleotide bases specifically hybridizable 
with said selected sequence . of . RNA or DNA, coding for said 

20 protein. 

The oligonucleotides. of the present, invention can be 
used in diagrnostics, therapeutics ^nd as. research reagents. 
For therapeutic use, ai^i animal having a , disea-se- characterized 
by the undesired groductipii of a, protein is contacted with an 
25 oligonucleotide of th€(. present invention haying a sequence of 
nucleotide bases specif ipally . hybrid! zsible wijth a, selected 
sequence of RIJA or .DNA coding for said -protein.. 

ETOMPiiES ' - - . • • 

The following, examples , illustrate the invention, 
30 however, they are not intended as,.being limiting. In various 
examples the nomenclature, 4,4' -;jdi.me.thoxyi:riphenylmethyl and 
dimethoxytrityl are used interchaiigeably to reference the DMT 
blocking group positioned on the .5/ -hydroxy 1 moiety of the 
various nucleoside and nucleotides of the invention. 
35 NMR spectra were obtained with the following 

instruments: ^H-NMR: Varian Gemini -200 (199.975 MHz), ^^C-NMR: 
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.= Varian- .Gemini- 200- (50.2-8'9 MHz) . NMR' ' spectra "were recorded 
-using ei.the;r deuter iochloro'f birm* It^tramethylsilahe as internal 
standard) or. dimet'hylsul-foxide-d^'' ^s ^'dlveht The following 
. abbreviations were u'^eS --to designate " the multiplicity of 
• 5 individual sigilals : -s'-- singietV d' doufalet 7 t =triplet, q = 
. .quartet; ABq ^ a£> 'quartet dd = doublet of 
doublets,, - br bioad' singlet r spectra were acquired on 

. ^,;a-,VG 70.rtSEQ -i^nifftrUmejig' '{VG- Analytical'^ "'(f'isons)) , using fast 
atomrbon±>ardmis»lt -io^^ kV'^Xe atoms) . Solvent ratios 

1-0 - .for . - QolfUTTO ^chromal^og^'aphy^^^^ - %x'^'^ '^given * as volume /volume . 
-> . Evapor.ations:..of f^solv^jh^^ vacuo (60 torr) at 

j3G?^ ^'M^ points are reported 

iiuncortected*^:":^"'^'-'-^^- v.aj-*:jf "^--^^ - - 

... --CA.! ^ " -.rri^ /■^■-*--'-**-' •• J-^ 

15 :2 , 6>-:Diaiidbaor S-'- ( &- D- r ibof utaribe^y 1 ) pur ±xie 

: : : In- -accordahce- With "modif ications of the procedures 

/ described .:in Robins > MV J- V/ H and Beriner, S.E., Can. 

p.- .LT. Cheni. , ' 59:3366 (1981) > guiriosirie hydrate (49 g, Aldrich 
Chemical Co.), toluene (200 ml), hexamethyldisilazane (160 ml, 
20 4.3 eq) and trif luorometharie^ulf onic acid (3-7 ml) were loaded 
in a stainless steel Parr bomb. The bomb was sealed and heated 
approximately 1/3' sxibmerged in an oil bath at 170«» C for 5 
days'. • The' -bbmb was eddied in a* dry ice acetone bath and 
opened- The contents'' were transferred to a 2 liter round 
25 bottom fiask using methanol' IMeOH)' and the solvent evaporated 
on a Buchii evaporator; 1:1 HjO/MeOH (600 ml) was added to the 
residue and the resulting brown suspension was refluxed 4-5 hr. 
The resulting suspension was evaporated on the Buchii 
evaporator to remove the methanol («• 1/2 volume) . Additional 
30 HgO («300 ml) was added and the" mixture was heated, treated 
with charcoal and filtered through a Celite filter pad. Upon 
"cooling, a crystalline solid formed. The solid was isolated by 
filtration, washed with' HjO' arid dried under high vacuum at 
90*^ C to yield the 'prdduct (4^.7' g, ' 89% yield) as a tan solid. 
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, UV, and NMR spectra-^ of this compound compared " to literature 
valuejs...^ . . 

This variation :'.pf : the procedures of Robins, et al . 
supra, eliminated the need to .utilize ..liquid -ammonia in the 
5 reaction mixture since the ammonia molecule is generated in 
situ from the silazane reagent and - the water of hydration of 
the guanosine; hydrate starting material. Further, the use of 
chlorotrimethylsilane was not n<acessary nor was it necessary to 
conduct the- reaction: under anhydro(is conditions, do a 
10 preliminary evaporation, or open and re-seal the Parr bomb 
under . a. dry nitrogen .atmc sphere 

EXAMPLE 2 • 

2, 6-Diamino-3- (2' -O-px^opylTfi-JD-ribdfuranosyl) purine & 2,6- 
Dia2nlno-9- (3 rO-propyl-S-Df^ribofurJincoyl) purine 

15 Sodium hydride CNaH) (2.1 g) was added td 2,6-diamino- 

9- (S-D-ribofuranosyl) purine (10.5 g) in dry dimethyl formamide 
(DMF) (150 ml) . After stirring for 10 min, iodbpropane (6 ml) 
was added- The solution was isitirred for 45 min at room 
temperature followed by the addition of a further aliquot of 

20 NaPI (600 mg) . The reaction mixture was stirred overnight and 
then quenched by the addition of ethanol (£tOH) (5 ml) . The 
reaction mixture was evaporated in v^cuo , the residue suspended 
in 10% MeOH/CHjClg and purified by silica gel chromatography 
(300 g) using. 5 10% MeOH/CHgClj as the eluerit;' The 2',3'-di- 

25 O-propyl product eluted first followed by the 2'-0-propyl 
product and then the 3 ' -O-propyl product . The 2' -O-propyl 
. product containing fractions were pooled and the solvent 
stripped to yield a crude foam- The foam was crystallized from 
HgO (40 :nl> , . washed with cold HgO and dried to yield 2 . 9 g of 

30 the 2'-0-rpropyl compound. The mother liquor was evaporated, 
re-chromatographed and crystallized to yield an additional 2.4 
g of the 2 ' -O-propyl compound: The second mother liquor was 
evaporated to yield 4 g of a mixture of 2' and 3' -O-propyl 
compounds as an' oil. Fractions containing the 3 '-O-propyl 

35 product as" the* major product were evaporated and residue 
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^ crystallized . from water. -(See Example 17 below' for isolacion 
and characterization of the 2 ' , 3 ' -di-O-propyl compound). 
2,6-Diaanino-9- (2' -0-propyl-fi-D-ribofuranosyl)purine 
. • NMR (DMSO-d^)-. 5 0-.76 (t, 3, CH3), 1.4 (tq, 2, CHj) , 3.3 (m, 

5 1, H-5" . + ;HDO.), 3 . 65-3 .45 ■ (m, 3, ii-S', O-CHj) , 3.9 (m, 1), 
4.25, (br m, a) ,. 4.38 ,(dd, 1), 5.1 (br d, 1 3 '-OH) , 5.45 (brt, 

1, -.5' -OH).,- 5.75 ; (br .s> - 2, 6-.NH2) , 5V83 {d,- 1, H-l' } , 6.77 (br 
s,. 2, ,2-NH2).^ and 7/95 . -(s; 1, H-8) . Anal. Calcd. for 

:^M^20^6'^U':^Z^': 46.-91.;. H, 6.2; N,25;2S. Found: C, 47.09; H, 
.10. . 6.37; . ;25,33., . .• -c- 

2, S-Diamino-S- (3' .■0-propylr"S-i7-ribofuranosyI)purine 

^H NMR (DMSO-^) 6 0.75 (t, 3, CH3) , 1.4 (tq, 2, CHj) , 3.27-3.5 
(ABX 2, O-CH2-) , 3.5 and 3.6 (ABX, 2, H-5') , 3.9 (m, 1) , 4.22 
{m,. .4.3;5; tm, : 1) , 5 .r- (br-d, 1, 2'-dK) , 5.45 (br t, 1, 5'- 

15 OH)., 5,75 .(.br-s,, 2, ^e-NHj)., .5^^^^^ (br s, 2CH2, 

2rH2) . and.. 7., 95 (s, 1, g-S) . ■ ' ■ . ■ 

EXAMPLE 3 „ 

2 ' - O- Propylguanosine 

.... A mixture. of, 2 , 6 -Diamino-9- (2 ' -O-propyl -/3 -D- 

20 ribofuranosyl) purine and 2 , 6-Diamino-9- (3 ' -O-propyl -/3-D- 
ribof uranosyl), purine (4.6 gm) and, adenosine deaminase (200 mg, 
.Sigma Chemicals Type .II): were stirred at room temperature 
. overnight in O.l- M tris buffer (150 ml, pH 7.4), DMSO (100 ml) 
. and.O.l.M sodium phosphate" buffer (10 ml) . A further aliquot 
25 of adenosine deaminase (140 mg) in 0.1 M phosphate buffer (30 
ml) and DMSO (20 ml) -was added and the reaction stirred an 
■ addition 24 hrs.. The solvent was evaporated iri vacuo and the 
residue flash chromatographed on silica gel utilizing 5 -» 20% 
MeOH/CHjClj. Product -containing fractions were evaporated in 
30. vacuo and the. residue crystallized from HjO to yield 2.6 gm of 
product, m.p. dec > 270." C. . ^H, NMR (DMSO-d^) 5 0.75 (t, 3, 
CH3)., 1.42 (tq, 2, CHg) , 3.3-3.-.6 (m, 4, H-S', O-CHg) , 3,85 (m, 
1), 4.2 (m, 1), 4.23 (m, 1), 5.10 (t,- 1, .S'-OH), 5.13 (d, 1, 
3'-OH), 5.75 (d, 1, H-1'), 6.45 (brs, 2, NHj) , 7.95 (s, 1, U- 
•35 8) and 10.67 (br s, 1, NH) .. Anal. Calcd. for C^jHi^NsO, : C, 
47.99; H, 5.89; N, 21.53. Found: C, 47.90, H, 5.85; N, 21.44. 
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• EXAMPLE 4 
N2-Is6butyryl-2' -O-propyiguanosine 

2' -0-Propylguariosine (3.6 gm) in pyridine (50 ml) was 
cooled in an ice bath and trimethylsilyl chloride (8.4 ml, 6 
5 eq.) was added. The reaction mixture was stirred for 30 min 
and isobutyryl chloride (5.8 ml, 5 eg. ) . was added. The 
^ solution was stirred for 4 hours during which it was allowed to 
warm to room temperature.' The* solution was cooled, HjO added 
{10 mi) and the solution was stirred for an additional 30 mins. 

10 Concentrated NH^OH (10' ml) was added and the solution 
evaporated in vacuo . 'The residue was purified by silica gel 
chromatography using "^10% MeOH/CHjClg to ' eiute the product. 
. Product -containing fractions were evaporated to yield 2.5 g of 
product as a "foam r An* analytical sample was re- chroma tographed 

15 on silica and eluted with CH^Cl2 ni* 6%"Me6H7CH2Cl^. ''h NMR (DMSO- 
d^) 5 0,75 (t, 3, CHj); 1.13, [d, 6 , ctf {CH3) , 1 . 4 (m, 2, CHg) , 
2,75 [m, I, CH(CH3)2], 3:S2 (m, '6 / OCHg) / 3 . 36 and 3.6 (ABX, 2, 
H-5'), 3.95 (m, 1), 4.26 (m, 1), 4.33 (m, 1) , 5,07 (t, 1, 5'- 
OH), 5.18 (d, 1, 3'-OH), 5.9 (d, 1, H-1'), 8.25 (s, 1, H-8), 

20 11.65 (br s/^r, NH)" and 12:1^^ (^ iV 'NH) . Anal. Calcd. for 

^17^25^5^6 • • C, 50.49/ M, 6.48; N, 17.32: Found: C, 50.81; 
H, 6c 62; N, 17.04. 

EXAMPLE 5 

N2 - Isobutyryl - 5 ' -disaethoxytrityl-2 ' -O-propylguauiosine 

25 N2-Isobutyryl-2' -O-propylguanosine (2.64 g) was co- 

evaporated with pyridine and then solubilized in pyridine {180 
ml). Dimethoxytrityl chloride **(2.4 g, l.l eq) and 

dimethylamihopyridine (50mg) were added with stirring at room 
temperature. The reaction mixture was stirred overnight and 

30 evaporated jji vacuo . The • residue was partitioned between 
CH2CI2/ 2x dil Na2C03. The organic phase was dried (MgSO^) and 
evaporated. The residue was purified by silica gel 
chromatography (1:1 EtOAc/Hex ^ 5% MeOH/EtOAc, 1% TEA) to yield 
4.1 g of product. ;-^H NMR (DMSO-d^) 5 0.78 (t, 3, CH3) , 1.12 [d, 

35 6, CH{CH3)2]/ 1.46 (m, 2, CHg), 2.75 [m, 1, CH(CH3)2], 3.35 and 
3.55 (ABX, .2, H-5'), 3.73 (s, 6, OCHg) , 4.0 (m, 1), 4.3 (m, 1) , 
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4.4 (m, 1), 5. IS (d, 1, 3 '-OH), 5.93 td ,• . H-.l ' ) , 6.8, 7.2, 
7.36 (m, 13, DMTr). , . 8..13 . (s, 1, Ht 8 ); ,., .ll- ;::6 3 :.. fbr s , 1, NK) and 
12.1 (br s, 1, NH) . Anal . . Calc.d. .for C38H^2N503 • HjO : C, 63.83; 
H, 6.20/ N, 9.80. Found: C, 64.22; FI, 6.35;,,N, 9.55. 

.... , ■ I • . ' ' 

5 EXAMPLE 6 

N2-Isobutyryl-S' -dimethoxytri^tyl- 2 ' -pr propyl^ 3' -S- 

cyanoie thy i - N , N - di i Qpp ropy Iphpj^pl^Qr ami t e 
A CHjClj soluti^ 

i' -O.propylguanosYne, ^ (4.1. g) .i>is- (N, N-diisopropylamino) -2 - 
10 cyanpethyiph^^ .7^ml, 2 eq) and N^N-diisopropylammonium 

tetrazolide .(Ct,..5 g,,._0.5 eq) . was stirred at -room temperature 
overnight .^ T^ was., partitioned- against dil. NajCOj and 

then dil . Na29p3/NaCl ,and dried .oyer MgSO^, r vThe solvent was 
evaporated in vacuo and the residue was purified by silica gel 
15 chromatography (120 g, 1%TEA in EtOAc) to yield 5.2 g of 
product as 5^, foam. ^^P NMR (CDClj). 6 150.5, 150.8. 

EXAMPLE 7 

2^ 6-Diaaiinb-9- (2V-0-peatyi-fi-'D-ribofuramo8yl)purine & 2,6- 
oiamino-S- (3 ' -O-pentyl-fi-D-ribofuranoeyl) purine 

20 2 , 6-Diamino-9- (S-D-ribofur^nosyl) purine (10 g) was 

treated with sodium hydride (1-7 g, 1.2 eq) and bromopentane 
(5.3 ml, 1,2 eq) in DMF (90 ml) as per th^ procedure of Example 
2.. Silica, gel chromatpgraphy :.yie;lded. three components. The 
first eluted component (not characterized but believed to be 

25 the 2, 3f-di- (O-pentyl) . compound, was isolated as an oil (700 mg) . 
The next component isolated as ;a foam (3.3 g) was crystallized 
from MeOH.to yie^ld 2,8 g qf 2,,6-diami^^^ 

ribofuranosyl) purine. The third. :Gomponen:t . isolated as a solid 
(200 mg) was crystallized f rom , MeOH tp... yield 80 mg of 2,6- 

30 diamino-9- (3 ' -O-pentyl-S-D-ribof uranosyl) purine Fractions 
containing mixtures of the first and second components were 
evaporated and the residue crystallized from MeOH to yield a 
further 900 mg of the - 2-O-pentyl compound . Further fraction 
yielded 1.2 g of a mixture of the .2 ' -O-pentyl and 3'-0-pentyi 

35 compounds. 



wo 94/02501 



PCT/US93/0680 



- 30 - 

2,6-Diami . o-9- {2' -O-pehtyl-fi-b-rifaofuranosyl) purine 

NMR (DMSO-^) 6 0.75 (C; 3, CHj) , 1.16 (m, 4, CHj) , 1.39 (m, 
2, CH2) , 3.53 (m, 2, CHj) , 3.3 and 3.6 (ABX, 2. K^S' ) , 3.93 (br 
s, 1), 4.23 (tn, 1), 4.38 (m, 1), 5.1 (d, 1 3 ' -OH) , 5.5 (t, 1, 
,. 5- 5'-0H)., 5-.:75 (br s, 2,-6-NH^f, ■S.82'{d, 'l, H-1'), 6.8 (br s, 2, 
• 2-NH2) and 7. J93 (s.,. l.- H-'a )•. ■■.• • ' ■ 
2, 6-piainino-9- (3' -O-pentyi-fi-D-ribbfuranoeyl) purine 
'h NMR .(DMSO-^) 5 0.87 Xtv" 3', CH3),-1.3 (m;" 4 , CHz) , 1.55 (m, 
2, CH2) , 3 .5 (m, . 2^ 0-GH2-)V 3 -6 •'{mv 2-, H-S' ) ; 3 .86 (m, 1), 3.95 
10 (m, 1), 4.6 (m, 1), 5.32 (br d, t"^ 2 ' -OH) , 5 . 46 (br t , 1, 5'- 
. OH), 5.70 (d., 1, H-1'), 5.75 -(br si' "2; 6-^NH^^ , 6 . 76 (br s, 2, 
2-NH2) and 7.93 (sv i, ii-8>. " ..i.- 

EXAMPLE 8- 

2' -O-Petttylguahosine " ~ 

-15 2 , 6^diamino-9- (2' - 0*pentyl-lS-'Z5-rib6f\iranosyl) purine 

(1.9 g) in 0.1 M sodium phosphate biiffer '(50 ml, pH 6.0) and 
DMSO (25 ml) was treated with adenosine deaminase (added in two 
aliquots - first aliquot 50 mg, second aliquot 80 mg) at 35° C 
as per the procedure -'of Example 3 to yield 1.4 g of product. 
20 ^H NMR (DMSO-d^) 5 0 . 8 ■( £ , 3 , CHj) , 1 . 16 (m, 4 , 2XCH2), 1.4 (m, 
2, CHz) , 3.38, 3 16 (m, 4, OCHg, K-5'), 3.93 (s, 1, H-4'), 4.28 
(m, 2,. Ii-2' , •H-3' ) , 5.17 (br,- 2, 5', 3'-OH)', 5.8 (d, 1, H-1'), 

6.53. (Jar s, 2, NHj) , 8.0 (s, 1, H-8) and 10 . 68 (br, 1, NH) . 

.. .. . ^. ... ... . . - . .■■ .'i.- .- • ■ 

EZIlMPLB 9 

25 N2-Z8obutyryl-2' -0-pentylguanosin« 

2 ' -0-pentylguanosine (2.3 g) in pyridine (35 ml) was 
treatisd' wit-h trimethylsilyl chloridie ' (4 ;'15 ml, 5 eq) and 
isobutyryl. -chloride {3:4 ml, 5 eq) as per the procedure of 
Example. 4 to . yield'; the product- - as" a foam (2.3 g) . An 
30 analytical, sample was crystallized from EtOAc/Hex. m.p. 178- 
180"> C. ''h NMR (DMSO-d^) 6 0 . 75 (t,'3, CHj), 1.1 Im, 10, 2x CHj, 
. CH(CH3)23 ' 1 -4 (m, 2, GHj)-,- 2.74 [m, 1 , • CH (CH3) 2I , 3.56 (m, 4, 
.OCH2, H-5'), 3;93 (m, 1, H-4'), 4'.'25 (m, 1), 4.34 (m, 1), 5.05 
(t, 1, 5'-0H), SVlT^d-, 1, ■3-r'--OH) , 5.-88 (d,' 1," H-1'), 8.27 (s, 
35 1, H-8), 11.65. (br s, 1, NH) and 12.05 (br s, 1, NH) . Anal. 
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_ Calcd. for .q.^29N.O^: C,., 53,89; :H, ^ 6\ 90 ; -N, • *• 16 . 54 . Found: 
.53.75; H, 6.92; N, 16.40 .- • :;. \-: : • 

EXAMPLE 10 

N2-Isobutyryl-5' -diinethoxytrityl-2 ' - O- pen tylguanb sine 
5 N2-Isobutyryl.-2 ' -O-peniylguanosine (2.3 g) was treated 

. .with dime thp3q^trityl • Ghloride'^^ ( g, i:i ^q) , and dimethyl- 
.aminopyridine (IpO mg as a catalyst^. in' pyridine ^ {50 ml) as per 
the procedure,; of -Example 5] to yield-: the product as a foam (2.9 
g)! .^H NMR (DMSO-d6>-;5 Q-v83 (t/ 3;. CHj); 1.2 [m, 10, 2x CHg, 

10 CH(CH3)2] 1,48 (m, 2, CHg) , 2 .78 [m, 1, ^(^3)2], 3.4, 3.6 (m, 

4, OCH2, H-5'), 3.75 (Si 6, OCH3) , ■ 4.07; (m, 1), 4.27 (m, 1) , 
4.42 (m, 1), 5.2 (br d, 1, 3'-OH>, 5.95 (d, 1, H-1' ) , 6.85, 
7.25, 7.38 (m, 13, DMTr) , 8.15 (s, 1, H-8)., 11 v6^7 - (br s , 1, NH) 
and 12.1 (br s, 1, NH) . Anal. Ca led, for Anal . Calcd. for 

15 , C4oH47N505-HH20|/.C,..^5,38; ,H, 6.58; N. 9.53.. Found : C, 65.37; H, 
6.59;^ N, 9.39. 

EXAMPLE 11 

N2-Isobutyryl-5' -dimethoxy.trityl-2' -O-pentylguanosine 3 ' -S- 
cya^oe thy 1 - N r di i sopr opy Iphospho r amidi t e 

20 N2-Isobutyryl-5' -dimethoxytrityl-2' -O-pentyl-guanosine 

(1.7 g) was treated with bis- (N,N-diisopropylamino) -2- 
cyanoethyl -.phosphite (1.48 ■ g) ,.;and N,N-diisopropylammonium 
tetrazolide (200 mg) as per the procedure of Example 6 to yield 
the product (1.4 g) . ^^P NMR (CDCI3) 6 150.5, 150.85. 

25 EXAMPLE 12 

2, 6-Diaaaiao-9- (2 ' -O-nonyl-S-D-ribofuranpsyl) purine 

2 , 6-Diamino-9-.(S-D-ribpfuranpsy.l) purine (50 g, 180 
mmol) was treated with sodium, hydride (8.8 g, 220 mmol) and 
bromononane (59 g, 54.4 ml,- 285 mmol) in DMF (700 ml) as per 
3 0 the procedure of Example 2 (the diamine compound in DMF was 
cooled in an ice bath during the addition of NaH) to yield 83 
g of crude product. 50 . g of crxxde 'product was. purified by 
silica gel chromatography. Fraction containing 2'-0-nonyl and 
3'-0-nonyl product were combined to give a 77:23. mixture (29 g) 
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of the 2' and 3' product. Pure 2'-0-nonyl product is obtained 
by chromatography. NMR (DMSO-d^) S 0.95 (t, 3, CH3); 1.17 [m, 
12, 0-CH2-CH2-(CH2)6] ; .1-42 [m, 2, p-CHjCHj ( CHj ) ^ ] ; 3.27-3.70 (m, 
2/H-5'); 3.50-3.70 [m, 2 , p-CJij (CHj) 7] ; 3.95 (m, 1, H-4 ' ) , 4.24 
5 (m, 1, a-3'); 4.40 (m, l, H-2'); 5.10 (d, 1, 3'-OH, J- 5 Hz) ; 
5.50 (t, 1, 5'-0H, J= 6 Hz); 5.76 (s, 2, 2-NH2);.5.83 (d, 1, H- 
1', J= 6.0 Hz); 6.81 (a, 2, .6-NH2).; 7,96: (S, 1, 8-H) . 

EXAMPLE 13 

2 ' -O-Monylgiaanosine 

1® A mixture! of 2,.,6-diapino-9-'!-(2/-0-nonyl-fl-D-ribo- 

furanosyj.) purine and . 2 , 6^diaminor9-f3 ' -•o■rhPnyl-fl-D-ribo- 
f uranosyl) purine (» 80:20 mixture, 2,9 :g.) . in .0.1 M sodium 
phosphate buffer (50 ml, pH 7.4), 0.1 K tris buffer (1800 ml, 
pH 7.4) and DMSO (1080 ml) was treated with adenosine deaminase 

15 (1.6 g) as per the procedure of Example 3 to yield 60 g of 
product as an oil. An analytical product was purified by 
silica gel chromatography and recrystallized from EtOAc. m.p. 
258-259* C. ^H NMR (DMSp-d^) S 0.96 (t, 3, CHj, J* 7 HZ) ; 1.17 
[m, 12, 0-CH2-CH2-(Cii2)4]; 1.42 [m, 2, O-CHjCHj (CHj) 4] ; 3 . 27-3 . 61 

20 (m, 4, H-5', 0-CH2(CH2)7]; 3.95 (m, 1, H-4'), 4.10-4.13 (m, 2, 
ii-2', H-3'); 5.13-6.06 (m, 2, 3'-0|i 5'-Og); 5.80 (d, 1, H-1', 
J"=6.4HZ); 6.47 (S, 2^ 2-NH2) ; 7.98 (s, .l, 8^Hk and 10.64 (s, 
1, N, amide). Anal.. Calcd. for C^H^NjOsrC, 55.73; H, 7.63; N, 
17.10. Found: C, 55.67; H, 7.66; N, 17.02. 

25 EXAMPLE 14 

N2-zsobutyryl-2 ' -o-BonylguaBosine 

2''^0-nonylguanosine (14.7 g) in pyridine (360 ml) was 
treated with trimethylsilyl chloride (23.4 ml) and isobutyryl 
chloride (30.6 ml) as per the proced\ire of Example 4 to yield 

30 crude product (37 g) . The crude material was purified by 
silica gel chromatography „ (eluted with. 90/10 CHClj/MeOH) to 
yield 14.6 g of product re-crystallized from EtOAc. m.p. 168- 
169<» C. 'h NMR (DMSO-d^) S 0.85 [t, 3, CH3(nonyl)], 1.14 [m, 
18, 0-CH2CH2(CH2)6, CH(Cli3)2], l-'*^ f"' 2, O-CHjCHj (CHj) 4] , 2.79 

35 [m, 1, Cii(CH5)2], 3.31-3.63 (m, 4, H-5', O-CHj ( CHj ) 7 ] ; 3.96 (m. 
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1, H-4'), 4.27-4.37 (m, 2, H-2;, H-3') ; 5.10.. (t, 1, 5' -OK, J= 
■ 5 HZ), 5\18 i'-'-OH.' j=\'-Hz) , ' '5..91 (d,^ 1, H-1', jJs.6 

• Hz), 8.31 (s, l."a-H),\li;73\(s/ t^^^ (3^ 1^ 

- N,. amide )•.-.■ Anal;. CaLl-cd.; for C^^.q^- C, 51..6Q, H, 7.78; N, 

5 14.60; Found : 'C , 57 '. 63 / H,' '7 .92 N, 14 .'6.2 . . ' 

EXAMPLE 15- *• • ^ • •' ■ 

K2-lBbbuty^yi-5f ;Iaitaethoxytrityl-2' -O-nonylguanosin^ 

N2-Isobutyryl-2'-0-nonylguanosine (14.6 g, 30.4 mmol) 

was treated with dimethoxytrityl chloriae '1i2';i g, 34 mmol) in 

10 pyridine (200 ml) as per the procedure bf~ Example 5 to yield 16 

^-ng: of" pur-pre^'fd&m^^^ dhromatography and 11.5 g after 

• ... • chromat6gra*pHy='f>^irif icatio^^^^^ 'h' N>IR - (DMSO-^s) 5 o.84 [t, 3, 

.: .CHytnonyl)^;. J-=^^.^Hz] V- 1.-^^^^^^^^ 18, O-'CH'GHs (CHj) ^, CH (CH3) 3] , 1.43 

-.:;tm,. 2^^U-C5l2CH^ (GH^) J /^'s . 77 v-^y^^ 

■3^S:H^S!4-^^0-€a^(tR^Y'f]ry'.'74: (s , 6 , - DMTr" O-CH3) 4.06 (m, 1, H-4'), 
^• ••.■■ 4.2-7 m, li U^' ) ; 4.42 (m,' 1, H-2' ) •• 5:"l9 (d, 1, 3 ' -OH, J= 5 

Hz)-, •■■-SV94^- (d,- ■ir-ir-rS ' 5.T Hz), 6.83-7.3-8 (m, 13, DMTr 
■ --^^ aromatic), 8.14 is", 1, S-g) , 11 .'es (s, 1, amide) and 12.11 

(■a,'il, amide') .- Aiiar:- Calcd. for C^^HssNjO^ C, 67.59; H, 7.27; 
20 Ni^"8-.96. Fbundr G, 67.59; H, -^^.11; N, 8.80. 

■ EXMiPLE' T.'6' • ■ ■ •■■ 

N2-Ieobutyryl-'S'-dimethokytiitiiri-2*-d-aon^ 3'-S- 
cyaab«tiiyl-N/N-dilsbproj>yiphoap^ 

• N2-Isbbutyryl-S ' -<iimetho5cyi-rityi-2 ' -0-nonylguanosin 
25 (2.1 g) was treated with bis- (N, N-diisopropylamino) -2 - 

cyanoethyl -phosphite (1.5 g) and N^N-diisbpropyiammonium 
tetrazolide ( 0 . 2' g) as ' pet "the procedure o'f ' Ex 6 to yield 

the • product -(2. 0 - g) . "^^'p NMIi (CDCI3') 6 150 . 7 and 150 . 4 
(diastereomer's) •. ' • • ' - ' . --t- .. . .. 

30 ■ .;■ . ••. . ■ • . 

EXAMPLE 17*"- 

2,6-Oiaaii.no-S- (2* > 3 ' -di^^O-.prbpyl-S-D-ribbfuranosyl] purine 

• The- procadure'-bf Example 2 was repeated utilizing 2,6- 
diamino-9- (S-D-ribofuranosyl) g)urin6^ (10' g) , ' NaH (3 g) and 1- 

35 bromopfopaine (10 ml) in Dm¥ . After •.Evaporation of the reaction 
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^ . solvent-,- the reaction products were purif ed by silica gel 
-Chromatography . The- slower moving - component yielded 4.3 g of 
the 2'-0-propyl product as a foam. This- foam was crystallized 
from water to yield 3.6 g of product. ' The" faster ' moving 

. 5; component .isolated as an oil formed crystals upon' standing. 
EtOH was added to the crystals /-they were' filtered and wash 1 
X EtOH to yield 1.1 grams of 2 ' , 3 ' -di-O-propyl product. m.p. 
165-1670 C. ''h NMR (DMSO-d^) 6 0,80 and 0.92' (t; 6, CHj) , 1.6 
.and.,1,45 :{m-^ 4/ CHj) '3:7-3.45 *-(br m/ 6 ' 4 . 0?' (m/ 2 ) , 4.5 (dd, 

10 1.) S..55 (hr t,' 1., 5'-r6Hlr 5'. S'^^'br V, - 2V S-NHp V s". 85 (d, l, H- 
1'), 6.84 (br s, 2, 2-NE2) -krid^ SVt)-^ (S^v-i^- ' 
Anal. Calcd:,:'for.C,^H26N^04:VC,^:52.^45 22.94. Found: 

C, .52..18; 7:.19;rN.}:22'.7:5.\ : - r: .: : - :-.vr.:r: 

EXAMPLE. 18 . r - . . xi. 

15 N2 # N6 -Diisobutyryl * 2y 6 - diamino - 9 t:( 2 - O- propyl - fi - D- 
. ribpfuranoeyl) purine : 

. 2 , 6 -diaminpr 9,- <2 ' -O.-^propyl-S'-D-ri^DQ'f^^^ 
(2.0 g) in pyridine . (35. ml) was treated with trimethylsilyl 
chloride (3 . 9:^1/ 5 :eqX. and isobutyryl chloride' (3 .2 ml, 5 eq) 
20 as per the procedure of Example 4 to yield a foam after silica 
gel chromatography. The foam was crystallized from EtOAc/Hex 
to yield 2.2 g of product. m.p. 14 0 -14 2"^' O. "^^^^ (DMSO-d^) 
. 6 0>77 : (t>:..3,-.CIi3) i 2" x^^CH^CHjij] / 1.5 (m, 2, 

.CHg) . 2v:^/ 3.03 [m, 2, 2 oc tCT (CH3) 3^. 4- ^(mv - 1 ; H-5 ' ' ) , 3.58 
25 (m, 3-,.^ OCHj, H-5': ) , . -3...95. -;( (m, 1) , 

,5.02 (t, 1, .5/rOH) , -5.2 J,d, 1, 3/ -QH) ',-6 ..03 (d, 1, H-i' ) , 8.58 
.(s, 1, H-.8), 10.39 (br s^.l^yNH) / and 10.57 (br.s, 1, NH) . 

EXAMPliE^ia , . . .. .. 

M2 , N6 -Dli,8obutyTyl- 2., 6 -dlamino- 9 - (* ' - O-dime thoxy tr i tyl - 2 ' - O- 
30 propyl-S-D-rlbofuranosyl) purine.: ; -= - , 

• . N2 ,N6-Diisobutyryl-2 , 6-:diamdno-.9-*(2 ' -O-propyl-S-D- 
. ribo-furanosyl) purine (1,9 g) wasi treatjsd with dimethoxytrityl 
chloride (I vS g^v 1;.:1: eq) , and -^dimethyiaminopyridine (2 0 mg as 
a catalyst) in pyridine -..(-SO ml) as per the' procedure of Example 
35 5 to yield the.;, product as a, foa.m (2.8 g) . NMR (DMSO-d^) 6 
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0.79 (t, 3, CK3), 1:07,, 1,16 [d/.-l^, 2xCH(CH3)2], 1-5 (m, 2, 
.CHj), 2.9., 3,03 (m, 2, :.2- X CH(CH3)2]V- 3:58- (m,'-'-3-, OCH^, H-5'),' 
4.15 (m, 1, H-4')nr4:.4, (m, .1:) 4.-6 .(m, 1)., S.isH'd, 1, 3'-OH), 
6.15 ,(d, 1, g-i'),.6.— .. , -.1. 
5 8-7.35 (m,_ 13, DMTr) ,: A-SrAa-^^l,- S^^)-^ .loi^r ^^^.^^ ^: jqj) ^ 
10.57 ^br.,s,, 1, -.NH) c.w... -.V 

EXAMPLE 20.. . , , . - , 

N2 , N6 rDii80bjit>riTr,1^2 -4iam^ 

P>^<>PyJ.-A-^-'^i>ofiUrano 3 ' -S-cyanoethyl -N, N- 

10 diisoprppylphoephora^i^itei:, 

.... ' - c-.^ N2,N^-I5Us.o.butyryl;:-.-2;-;^^^^^^ 

trityl -2 ' -0-propyl-S-D.-.ribbfuranosyl) purine (2.6 g) was treated 
with i3is- (N,N-diisopropylamino) -2 -cyanoethylphosphite (1.7 g) 
and N,N-diisopropylammoniuin tetrazolide (3 00 'mg) overnight at 
•15; room. temperature; •The ' reaction Mxture wks partitioned against 
dil. NajCOj/CHClj and then NajCOjTNaCl and dried ovWr MgSO^ . The 
.-. organic, layer was evaporated to -a foam. The foam was dissolved 
...in CH2CI2 r(«8. ml.) and slowly added ' to Hexanes (500 ml). The 
solid ,was filtered and dried to yield the product as a powder 
20 (3 .1 g) , . '> NMR. (.CDCI3). >6 1.50.8 and 151.3. 

EXAMPLE 2.1- 

2 , 6-Diamino-9- 12' t <N-phthailaido)prop- 3 -yl ] -&.d- 
ribof uraaosyl] purine & , 2, 6-Diamiao- 9 - [3 ' - O- [ (N- 
phthalimido) prop- 3 -yl] -&-D-ribo- f urandsyi] pxirine 

25 t. 2,6-Diamino-9- (g-D-ribofuranosyl)purine (14.2 g) was 

treated with sodium hydride (3 g, 1.5 eq) and N- (3-bromopropyl) 
phthalimide (5.3 ml, 1.5 eq) in DMF (20 g) at 70 <» C overnight. 
The reaction mixture was proportioned betiweeri HjO and Hexanes 
(Ix) and the acjueous layer then' ' extr^ctfed 4 x CH2CI2. The 

30 organic layer was dried' over MgSO^ and evaporated" to a residue. 
The residue was purified ^by silica gel- chromatography eluted 
with MeOH/CHjCls-. ;The. 2' rO- (N-phthalimido) propyl product eluted 
first- followed- . by mixed, fractions, and then the 3'-o-(N- 
phthalimido) product. Evaporations of the fractions gave 3.4 

35. g of the 2' -O- (N-phthalimido) propyl product, 3.0 g of mixed 2' 
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and 3' products and 1.4 g of the 3 ' -0- (N-phthklimido) propyl 
. . p.r;oduct .. all . as,,vC03m.s=,.. • Thev; 3 ' - O- (N-phthalimxdo) propyl product 

was crystallized f rotn- -EtOAc/MeOH to give 270 mg of solid. 

2,6 -Dian^i^io- 9 - 12 ' - p- [ (N-phthalimido) prop - 3 - yl] -fi-D- 
5 ribofuranosyl] purine. • , . 

. . /"h NMR (QMSO-^) 5 1.8 (tq, 2, -GHj-') , 3 . 4 -3 . 58 (m, 6, 2xCH2, 
H-5' );, r3 . 9; (m; 1) , 4.-26 vm, 1), 4.37 (tn, 1), (br d, 1, 3'- 

OH) , 5 .4 (br :tv: 1>; 5' -CH) ; 5.72'Mbr s, 2, NHj ) / 5 . 8 (br d, l, 
H-1'), 6.75- (br s,- 2, Niij) >. 7..S • (br s] 4'; Ai ) and 8.93 (s, 1, 

10 ii-8) . , . .■--■•>T -:• • •'• 

2,6 -Dl amino - 9 - L3 ' - Ov- { (N'-phth«liiBido) pr«5i> - 3 - yl] -&-D- 
ribo£urancsyl] purina . .1 i ; " i , 
, m.p. 220-222'. C, 'll IJMR (DMSO-^^)- l-l'ss - (tc^, '2 . -CH-N) , 3.6- 
3.67 (m, 4; -O-Qig, 3 . 85- (*; l)f , 3.92- (m, 1), 4.6 (m, 

15 1), 5.33 (d, 1, 2'-OH). 5.45 (brt, 1. 5'-OH), 5.65'(d, 1, H- 
1'), 5.73 (br S, 2, NHj) , 6.75 (br d, 2, NHj) , 7.8-7.85 (m, 4, 
Ar) and 7.85 (s, 1, H-8) . Anal. Calcd. for Cgi'HjjN^O^: C, 53.73; 
H, 4;94; N, 20 . 8« . ; Pound : C, "53 . 59 ; H/ 4 . 89 ; N/ 2^ 

EXAMPLE 22 

20 2' -O- [ (N-Phtlxaliiaido)pyop~3 -yl] guajiosinie 

2 , 6-d.-lamino~ 9- [2' -O- [ (N-phthalimido) prop- 3 -yl] -S-D- 

ribofiiranosyl] purine (3.1 g) in 0.1 M sodium phosphate buffer 
(3 ml, pH 7.4) r 0.05 M tris buffer (65 ml, pH 7.4) and DMSO (45 

ml) was treated 'j»ith- adenosine deamiriaise (200 mg) at room 
25 temperature far 5 days as per the procedure of Example 3 . The 

product containing fractions from the silica gel chromatography 

were evaporated and upon concentration formed white crystals. 

The crystals were filtered and washed with MeOH to yield 1.1 g 

of product. An analytical sample was recrystallized from MeOH. 
30 m.p. 192-194° C. 'h I4MR (DMSO-^) 6 1.82 (m, 2, CHj) , 3.45-3.67 
. (m, 6,. 3-5' , OCgj, -NCHj) , 3.9 (m, 1.) , 4.3 (m, 2, H-2' , H-3'), 

5.1 (m, 2, 5' and 3' -OH), 5.8 (d, IV H-1'), 6.5 (br s, 2, Ngj) . 

7.83 (s, 4, phthal) , 7.98 (s, 1, H-8) and 10.5 (br s, 1, NH) . 

Anal. Calcd. for CjiHjaN^O^-HHjO : C, 52.61; H, 4-83; N, 17.53. 
35 Found: C, 52.52; H, 4.78; N, 17.38. 
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EXAMPLE 2 3 

N2-Isobutyryl-2 ' -O- [ (N-phthalimido)prop-3-yl] guanosine 

2' -O- [ (N-phthalimido) pr6p-3-yl] ■ guanos ine (7.2 g/ 
crude) in .pyridine (3 5 ml) was treated- with trimethylsiiyl 
5 chloride (11.6 ml, 5 eq) and isobutyiryl chloride (3 ml, 5 eq) 
as per the procedure of Example 4 to yield th4 product as a 
crude foam (6.5 g).. An analytical sample was obtained by 
crystallization from EtOAc. m.p, 166-1S8*» C. "^H NMR (DMSO-d^) 
6. 1.15. [dv 6, -CH(CH3)2] r.r;85. (m, 2, CHg) , 2.8 [-m, 1, CKiCK^^}^], 

10 3.45-3,7 (m, 6, H-5' , OCHg, NCHg) , 3.95 (m, 1), 4.34 (m, 1), 4.4 
(m, 1) , 5.12 . (tv- i:, 5'-pHK 5.18 (d/ 1 , ^ 5' -OH) , 5.9 (d, 1, H- 
1'), 7.83 (s, 4, phthal) , 8.3.-:(s,= 1, , 11.65 (br s, 1, NH) 

and 12.1; (br s, 1, NH) . -.Anal. Calcd, for C^s^^b^s'^b'^z^ ' 
54.64; H, 5.32; N, ,15.29. Foun^V C, 54.46; H, 5.39; N, 14.98. 

15 _ . ^ ^ . . ; . , . ■ 

EXAMPLE 24 

N2-Isobutyryl-5/ -diinothoxytrityl«2' -O- [ (N-phthalimido) prop-3 - 
yl] guano sine 

N2 - Isobutyryl - 2 ' -O- [ (N-phthalimido) prop-3 - yl] 
20 guanosine.: (1.2 g) was- treated vith dimethoxytrityl chloride 
(820 mg, 1.1 : eq) , and dimethylaminopyridine (20 mg as a 
catalyst) in pyridine (50 ml) as per the procedure of Example 
. 5 utilizing 1:1 Hex/BtOAc, then EtOAc then 5%MeOH/EtOAc with 1% 
TEA as eluent . The product cpntaining fraction were evaporated 
25. to yield the product as a foam (1.7 g) . -K NMR (DMSO-d^) 6 1,1 
Ed, 6, -CH(CH3)2] , 1.85 (m, 2, CHj), 2.75 Cm, 1, 02(^3)3], 3.45- 
3.7 (m, 6, H-5'., OCHj, NCHg) , 3.75 (s, 6, OCH3) , 4.0 (m, 1), 
4.32 (m, 1), 4.4 (m, 1) , 5 .2 (d, 1, 3' -OK), 5.93 (d, 1, H-lM, 
6.83, 7.2, 7.35 (m, 13, DMTr) . 7.78 (s, 4, :phthal) , 8.15 (s, 1, 
30 H-8) , 11.6 (br s, 1, NH) and 12.05 (brs,,.l, NH) . Anal. Calcd. 
for C4^H4^N^O,o-H20: C, 64 . 18 ;. H>.;'5 . 62 ; N, 9.76.. Found: C, 64.42; 
H, 5.78; N, 9.53. . . 
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EXAMPLE 2 5 

. N2rIsobutyryl-5':^diiaethbkytrityl-5'''i^^^ [ (N-phthalimido)prop-3- 
yll guanosina -3 '/-S-cyanoethyl-N^ N^diisopropylphosphoramidite 

N2-Isobutyryl-5' -dimethoxytrityl-2' -O- [ (N-phthalimido) 
5-. prop-3-:yl] - gaanosine {1-6- gj was treated with Jbis-(N,N- 
diisopropyl-amino) -2-cyanoethylphosphite (1.48 g) and N,N- 
diisopropyiammonium tetrazolide (200 mg) as per the procedure 
of Example . 6 . to yield the "product (i.O gj . ^^P NMR {CDCI3) 6 
150.9^ ,." ' • • • 

10 EXAMPLE 26 — ' . - ^' ^ ^ r ^ ' " 

N2-DimethylasiinoinethyIid^ne-S' -diaethoxytrityl-2' -O- [ (N-phthal- 
imido)prop"3-yl] guahosine 

- 2' -O- [ (N-phthalimido) pr6p-3-yl] ^uariosine (900 mg) in 
DMF (20 ml) was treated with N,N-dimethylformamide dimethyl 

IS acetal (2 ml) . The reaction mixture was stirred for 2 hr and 
evaporated under high vac at 52'' C. The residue was co- 
evaporated 1 X with pyridine and ' 'taken lip 'in solution in 
pyridine. Dimethoxytrityl chloride (713 mg, l.l eq) and 
dimethylaminopyridina (20 mg as a catalyst) were added. The 

20 reaction mixture was stirred overnight, " partitioneci between 
Na2C03/CH2Cl2, dried over MgSO^ and purified by silica gel 
chromatography as per the procedure of Example 5 to yield 1.7 
g of product as an of f white solid. NMR (DMSO-d^) 6 1.88 (m, 
2, CK.), 3.1 [d> 6, N=GHN(CH3)2] , 3.3 (tn, 2, E'S') ^ 3.67 (m, 4, 

25 OCHg, NCg) r 3.78 (s, 6, 2x OCH3)i 4.0 (m/1, 4.35 (m, 2, 

'ii"2', H-3'), 5.2 (d, 1, 3' -OH) . 5.95 (d, 1, H-iM , 6.85, 7.25, 
7.39 (m, 13, DMTr) , 7.85 (s, 4,'phthal'), 7.95 [s, 1, H-8) , 8.5 
(s, 1, N*CHN{CH3)2] and 11.39 (s, 1, NHg) . ' Anal. Calcd. for 
C45H45N7O9 • HHjO : C; 64.58; H, 5.54/ N/ 11.71. Found: C, 64.10; 

30 H, 5.65-; N, 11.47. 
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EXAMPLE 27 

N2-Dimethylaiiiinoniethylidener5' rdimethoxytrieyi-2 ' -O- [ (N-phthal- 
imido) prop-? ryl] . guanoeirie f3 '-fi.^cyanoethyl-Jl/N-diisopropylphoB- 
phorainidit? 

5 ^2-dimethylaminome.thylidene-5' -4imeGhoxyerityl-2' -O- 

[ (N-phthalimido)prop-3.ryl] .. guanpsine . (1.7. g) , bis- (N,N- 
... diisopropylamijao) -;2-cyanpe,thylphosphite (1<.4 ml) and N,N- 
-. , .<ii'isopropylammoniym.,tet-raeo.l^l^^ (170 mg) were' stirred overnight 
at room temperature. The reaction mixture was partitioned 
10 between CHgClj and NajCO, (2 x) . The organic phase was dried 
over MgSO^ and evaporated to an oil. The oil- was dissolved in 
,. f^i.J^i"lW..5?^..^;<^Gl2 Hexanes to 

precipitate the producp.. j;t5he;. solid .was isolated and dried to 
.. 2.1 .g of , product .\p^NMRj ('CDClj) 5 150.4, 150.6. 

15. 'EXAMiPLE' 28 

2 , 6 -Diamino- 9 - [2 ' - Or (N-phthalimido ) pent - 5 -yl ] -fi-D- 
rlbofuranosyl] . purine , 

2 , 6-p.iamino- (9-fi-D-ribpfuranosyl) purine (6.7 g) was 
.. treated w4.th spdium hydride (1.3 g) and .H- (S-broraopentyl) 

20 phthalimide (7..8 g, l.l eq) in DMF (60 ml) at room temperature 
for three days.. The reaction mixture was proportioned between 
, HjO and. CHjClj and extracted 4 -x ...C3I2G12 • - The combined organic 
layers we?-© dried oyer MgSO^ and, -evaporatedv The residue was 
purified by silica gel :chrpmatpgjraphy ; eluted with 5 -* io% 

25 MeOH/CHjClg . The . : .2 ' -O- {N-phthaiimidp>.pentyl containing 

fractions were collected and evaporated = tp a yellow foam to 
give 2.2 g of product. An analytical sample was crystallized 
from EtOH. m.p. 173-17.5» C. NMR . (DMSO-^) 6 1.2 (m, 2, - 

CHj-), 1.47 (m., 4, 2x,a^), 3.55, 3.6-5 (m, -6, O-CHg, H-5', 

30 NCHj) , 3.95 (m, 1), 4.28 (m, 1)., 4.4 (m, 1) , 5.13 (d, 1, 3'- 
OH) , 5.5 (t, 1, 5' -OH), 5.77 (br s, 2, e-NHj) , 5.84 (br d, 1, 
H-1'), 6.8 (br s, 2, 2-NIi2), 7.86 (M, 4, phthal) and 7.95 (s, 
1, H-8) . Anal. Calcd. for CjjHjyN^O^: C, 55.50; H, 5.47; N, 
19.71. Found: C, 55.44; H, 5.51; N, 19.30. 
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EXAMPLE 29 

2 '. <> C^N^Phthalimidb) pe^^ -yl] guanosine 

A mixture of the 2 , 6-dianiin6-9- [2'-0- [ (N-phthalimido) 

- - peht-5*-yl] -S-D-ribof urahoisyll'purine and 2 , 6 -diamino- 9 - [3 ' -O- 
*[ (N-phthalimido) peh't-^S-yir-S-D-ribof uranosyll purine isomers 
(2,2 g) 'xil "O'-i' M" fcris buffer (60 ml, pH ^7*4.)., 0,1 M NaPO^ 
buffer (2' ml, pH 7.4) and' DMiSO (40 ml.) ^ -was treated with 
adenosine deaminase (60 "mg") at room temperature . for 5 days as 
per the procedure of Example 3. The pypduct containing 

10 fractions from the silic^ gel chromatography we r:g evaporated to 
give the product Cl.O g) as a crude white solid. An analytical 
sample was prepared' by the addition of MeOH to ^forrn crystals, 
m.p. 178-lSO^ C. /'h NMR (DMSO-d^) . 6 X . 24 (m, 2, CHg) , 1.5 (m, 
4, 2x CEz) , 3.S-3.6 (m, 6, H-S'^OCgj/ NCHj) , . 3 .^7 . (m, 1, H- 

15' 4'), 4.25 (m, 2 / H-2 ' / H-3 ' ) , 5.1 (m,_2, 5', and, 3' -OH), 5.7B 
(d, 1, H-1'), 6.5 (br s, 2, ^ig) , 7 . 84 , (M, 4., phthal) , 7.98 (s, 
1, H-8) and 10.67 ** (br s, 1, NH) • Anal, Calcd. for 
CjjHj^N^O^-HHjO: C, 54.43; H, 5.36; N, 16.56. , Found: C, 54.79; 
H, 5.24; N, 16.61. 

20 EXAMPLE 30 

N2-Z80butyryl-2' -0« [ (N*phthalimido)pent-5-yl] guanosine 

2 ' -O- [ (N-phthalimido) pent-5-yl] guanosine (1.6 g, 
crude) in piyridine (35 ml) was treated with trimethylsilyl 
chloride (2.0 ml, 5 eq)' and isobutyryl chloride (.1.68 ml, 5 eq) 

25 as per the procedure of'^ Example 4 to yield the product as a 
foam. This foam was co-evaporated 2 x with EtOAc followed by 
the addition of EtOAc and heating to yield white crystals (950 
mg) . m.p. 202-204*' C. NMR (DMSO-d^) 5 1,1 [d, 6, - 

CH(CH3)2], 1.17 (m, 2,. CH^). , ' 1 , 43 * (m, 4, 2x CHa) , 2.74 [m, 1, 

30 CH(CH3)2]/ 3.45-3.55 (m, 6/'h-S', 6C^^, NCH2) , 3.9 (m, 1), 4.25 
(m, 1), 4.3 (m, 1), 5.07 (t, 1, 5'-0H). 5.15 (d, 1, 3 ' -OH) , 
5.87 (d, 1, H-1'), 7.8 (s, 4, phthal) , 8.27 (s, 1, 2-8), 11.67 
(br s, 1, NH) and 12.06 (br s, 1, NH) . Anal. Calcd. for 
^27^32^6^8 -JiHaO: C, 56.14; H, 5.76; N, 14.55. Found: C, 56.45; 

35 H, 5.74; N, 14.41. 
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EXAMPLE 31 

N2 - Isobutyryl - 5 ' -diniethoxy.tri tyl.2 O-^ [ (Nrphthalimido) pent - 5 - 
yll guanos Ine 

N2- Isobutyryl -2 / - Ot [ ( N - ph t hal i mida) pen t - 5 - y 1 ] 
5 guanosine (0.95 g) was treated with dimethoxytrityl chloride 
(620 mg, 1.1 eq) , and dimethylaminopyridine . {20 mg as a 
catalyst) iri pyridine (50 ml), as., per the procedure of Example 
5 utilizing EtOAc 1% TEA and then 5% MeOH EtOAc/CHpCl, with 1% 
" TEA as ■ ei'uent. The product containing, fractions were 
10 evaporated' to yield t.he product as a foam (X.4 g) . NMR 
(DMSO-d;i)-'5' i\14' [d, ^, -CH"{CH3)2] , ,1.25 (m, 2," CHg), 1.53 (m, 
4, 2:x' CHj) V'iV'V^' '[m; i/ "C^ 3.3-3.6 (m, 6, H-5' , OCHj, 

NCHj) , 3 ;'T5 Is, 'SV OCH3)./4,07 (m, l) /4.33 (m, 1), 4.4 (m, 1) , 
5.18 id, iy :S' -OE)^l K-S'^ id, 1. E-l' ) , 6.83, 7.2, 7.53 (m, 13, 
15 DMTr) ,- 7. 8 {&, 4, phthal) , 8.15 (s, 1, H-S).., 11.6 (brs, 1, NH) 
•■■ and 12.1 (br's, 1, NH) . Anal. Calcd. for C^gHjgN^O^o • MHjO : C, 
65. '52; ri, 5.84; N, 9V55. Found: C, 65.55; H, 5.94; N, 9.20. 

EXAMPLE 32 

2, 6 -Diamine- 9- [3' ,5' -O- (tetraisopropyldisiloxane-1, 3-diyl) -fi-D- 
20 ribo£uranosyl] purine 

To a suspension. of , 2, 6-diamino-9- (fi-D-ribo- 
f uranosyl ) purine (10.5 g). in pyridine. (100 ml) was added 1,3- 
dichlorotetraisopropyldisiioxane (TIPDS, 12.6 g) , The reaction 
'was stirred at room temperature for 4 hours and an additional 

25 1.3 g of 1, 3-dichlprotetraisopropyldisilpxane was added 
followed by istirring overnight. The reaction mixture was 
poured into ice" water and the insoluble product (11.6 g) 
collected by filtration. An, analytical sample was 

recrystallized from EtOAc/Hexanes . m.p. 170-172^ C. Anal. 

30 Calcd. for CjgH^oN^OsSig • MHjO : C, 49.5; H, 7.74; N, 15.7., Found: 
49.57; h/ 7.82; N, 15.59. 
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EXAMPLE 33 

2, 6-Diamino-9- [3' , 5' -O- (tetraisopropyldisiloxane-l, 3-diyl) -2-0- 
me thy 1 - S - D- r ibo f ur anosy 1 3 pur ine 

A mixture of 2, 6-Di amino- 9; -[3,5-0- 
5 ' (tecraisopropyldisiloxane-1, 3-diyl) -S-D-ribofuranosyl] purine 
(8.8 g) in DMF (120 ml) and. methyl - iodide (3 ,ml, 3 eq) was 
cooled in an ice bath and NaH (60% in oil, 1.0 g, 1.5 eq) 
added. After 20 min the reaction v/as quenched with MeOH and 
partitioned between sat , NH^Cl, and. CH^Clj,^ / The organic phase 

10 was washed with 1 x NH^Cl, dried over MgSO^ and evaporated. The 
residue was crystallized from hot EtOH/HjO to yield the product 
(8.5 g) as crystals, m.p. 87-89^C,, ""h NMR; (DMSO-d^) 6 1.05 (m, 
28, TIPDS) , 3,.57 (s, 3,. bcHj) , 3.9? (m, 1 r H-4/ ), . 3 . 92 and 4.07 
(ABX, 2/H-5'j, 4,13 (d, 1), 4.6 (dd, 1, H-3')-, 5.76 (br s, 2, 

15 NHg) , 5.8 (s, 1, H-1' ) / 6-77 (br S, 2, NHg) AND 7.77 (s, 1 H-8) . 

EXAMPLE 34 

2, 6-Diamino-9- (2' -O-methyl-S-DrriJ^ofuranosyl) purine 

To a solution of 2 , 6-Diamino-9- [3 ' , 5 ' -O- (tetraiso- 
propyldisiloxane-1, 3 -diyl)^-2 ' -O-methyl-S-D-ribofuranosyl] purine 

20 (8.5 g) in THF (50 ml) was added IM tetrabutylamraonium fluoride 
in THF (Aldrich, 20 ml) . The reaction mixture was stirred for 
2 hrs and filtered. The filter cake was washed with 2 x EtOAc 
and air dried ,to. .give 4,. 0 ,g of. crude product An analytical 
sample was crystallized from hot MeOK, m.p. 13 3-135® C. 

25 NMR (DMSp-d^) 6 .3.3 (s,. 3, OCHj) . 3.58 (m,o2, H-5'), 3.98 (m, 
1. H-47 ) /. 4.28 (m, 2 , H-2 ' , H-3.' ) , 5 . 23 (br s, 1, 3'-0H), 5.48 
(br t, 1,, 5/-0H). 5.77 (br S, 2, NHj) / 5.82 (d, 1, H-1' ) , 6.83 
(br s, 2, NHg) and 7.95 (s, 1, H-8)- Anal. Calcd. for 
C-j^Hi^N^O^-MHjO: C, 43.28; H, 5.61; 27.52. Found: C, 43.51; 

30 5.62; N, 27.26. 
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EXAMPLE 3 5 

2 ' -O-Methylguanosine 

2 , 6-Diamino-9 - (2 ' : 0-methY:!.-S-DT..ribQf.^ 
(9.5 g) in O.IM sodium' phosphate buffer (200 ml, pH 7.4) and 
DMSO (25 ml) was treated with adenosine deaminase (Type II 
Sigma) at RT f or * 4 days : ' The result^ suspensfion was cooled 
and filtered and the resulting filter cake washed with HgO and 
dried to a wliite solid (4 • D g) . The solid was recrystallized 
f rom hot Hgb to yieid^ 2 ot product. m.p. 236-238^ C. 

NMR':(DMSO^^)'^ 5^¥;3 isV' 3/ dCK^f; 2^53 and 3.6 (ABX, 2, H-5' ) , 
r.--:'3:.-87-.1m,. l:;^^H-4^^ (k;"i; H-2' ) , 4 .25^ (m, 1, H-3'), 5.13 

:. Ut; -ly- 5^^c^OHp;%;f^^ (d; 1 3 ' -t)k) J 5 . 8 (d/' 1 , H- 1 ' ) , 6.48 (br 
' ,s/- 2:;^-NH^) V 7.96- "(s/i, H-'8) and 10.68 (br s, 1,,NH). Anal. 
■ Calcd.-ifor C^^lH^^NsOs-MHjO:' c/'4 N, 22.86, Found: 

15; O, 43.59V H, '5:34/ N, 23.o4: " ^\ . ' . 

EXAMPLE 36 

N2-Isobutyryl-2' -O-methylguanoBine 

^- a " - ' 2''''-0-m%thylgua:hd^ (3.5 g) in pyridine (100 ml) was 

treated with trimethylsilyl chloride (9 ml, 6 eq) and 

20 -isobutyryl chloride (6.2 mi) at RT for 4 hr. The reaction 
./mixture was- cooled -In bath, K^O (20 ml) was added and 

stirring; continued for an additional 20 min. NH^OH (20 ml) was 

. . added and after stirring for 3 0' min' the reaction mixture was 
• evaporated. The residue was triturated with H^O, filtered and 

25 ; the filtrate- evaporated and purified by' silica gel 
chromatography as per the procedure" of- Example 4 to yield the 
product ^s an off white solid (1.5 g) . NMR (DMSO-d^) 5 1.1 

td, 6, CH(CH3)2]V 2.77 [m, 1, CH (CH3) / 3 . 33 -3 . 6 (m, 5, OCH3, H- 
5'), 3.93 (m, l, .H-4'), 4.22 (m; l) , 4.3 (rn, 1), 5.1 (t, 1, 5'- 

30 OH), 5.28 (d, 1, 3' -OH), 5 . 9 " (d; 1 H" 1 ' 8 1 28- (s, 1, H-8) and 
11. 9 (br s, 1, NH) • 
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'EXAMPLE 37 

N2-Isobutyryi-5' -dimethoxytrityl.2' -O-xaethylguanosine 

N2-Ispbutyryl-2:-0-met:hylguanosine .(1.5 g) was treated 
• with dimethoxytrityl chloride- (1.5 g, l.i eq) , and 
'5 dimethylc^minopyridine^ (1.00 mg as a . catalyst ) in pyridine (50 
ml) as per the procedure of Example 5 to yield the product as 
a foam (2.6 g) . NMR (DMSO-d^) 6 1.14 (d> S >.-..v!H (CH3) , 2.75 

[m, 1, CH(CH3)2]. 3.5 (mv . .-2 , . H-5 ^ ) , -3 . 74 (s , b OCH3) , 4.05 (m, 
1), 4.33 (m, 1 ) , .5.26 (d, 1,, JL^-pH)v, .5 . ^ 6.83, 
10 7.2', 7.35 (m, 13, D^^^r) , 8 . 15 ,.{s., . 1, H-8> ^ 1, NH) 

and 12.1 (br s, 1, NH) .. \ 

example' 39 

N2-IsobUtyryl-5' -dimethoxytrityl -2' -6-me thy Iguanp sine 3' 
cyanoethyl-N,ll-diisopropyiphosphora2nidit , 

IS ' N2 - Isobutyryl - 5 ' -dimethoxytrityl -2 ' - P.-methylguanosine 

(20 g) was treated with., bis- {N,N-diisopropylamino) -2 - 
cyanoethyiphosphite . ( 10 . 8. g) -and N, N-diisopropylammonium 
tetrazolide (1.6 g) as per the procedure of Example 6 to yield 
the product (15.7 g) . ^^P NMR (CDCI3) 6 lj48,97 ,and 147.96. 

20 EXAMPLE 39 

N2 , N6 -Di isobutyryl - 2 , 6 - diamino - 9 - ( 2/ - O-me thy 1 - S - D- 
ribofuranosyl) purine 

2, 6 -diamine- 9- (2' -0-methyl-S-D-ribofuranosyl) purine 
(700 mg) in pyridine (20 ml) was treated with trimethylsilyl 
25 chloride (2,1 ml, 7 eq} and isobutyryl chloride (1.25 ml, 5 eq) 
as per the procedure of Example 4 to yield the- product as a 
foam ,(900_ mg) after silica gel chromatography. 

EXAMPLE 40 

N2,N6-Diisobutyryl-2, 6-dia2aino-9- (5'.-0-diiiietho3cytrityl-2 ' -O- 
30 methyl -fi-b*ribo£urano8yl) purine . 

N2 , N6 -Diisobutyryl-2^ 6-diamino-9- (2' - O-methyl -S-D- 
ribofuranosyl) purine (900 mg) was treated with dimethoxytrityl 
chloride (1.0 g) and dimethyl aminopyridine (20 mg as a 
catalyst) in pyridine (30 m) as per the procedure of Example 5 
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to yield Che product as a foam (700 mg) . .!h nmr (DMSO-d^) 6 
0.96-1.16 [m, 12, 2x CH (CHjj^jl ' , 2.. 9 . and 3 . 0.5 [M, 2. 2x 
CU(CU^)z] /i.ia and 2^ir'(l^i;''2^ OCH3) , 3.7 

(s, 6, OCH3) , -4.05 "(m; 1, H-4''TV ■4';44 (tti, 2, H-2',H-3'), 5.24 
5 (d, 1.. 3' -OH), 6.a6 •(d/a, H-<fM;- 'i.'7'8V 7V2, T.Va^ (m, 13, Ar) , 
-8-.22 (s, 1, H-8) ; - l6':'3 (br s'/ fr 'm^^^ (br 's, 1, NH) . 

EXAMPLE; 41' ■ ■ 
■ N2,N6-D±isobutyryl-2, S-diaihin'o-S- (5' -O-dixnethoxytrityl-2 ' -O- 
r:methyl-S'i.D-rifa^f uranosyl) purine 3 ' -S- cyanoethyl -N, N- 
10' diiso^ropylphosphbrakiditis * 

N2 , N6-Diisobu t y r yl - 2 , 6 - d i a m i n o - 9 - ( 5 ' - O - 
dimethoxytrityl-2' -O-methyl-S-D-ribof ura^o^yl)purine (600 mg) 
was ^ treated /^ith i^is- (N^, N.-diisppropylamino ) - 2 - 
' '* ' 'cyandetKyip^ (500 /xl) and Jn, N-dii sop ropy 1 ammonium 

IS tetrazolide' (^'6 tngT overriigl>t at RT. The reaction mixture was 
•partitioiied agsiinst ' dil . NajCOj/CHClg and then NagCOj/NaCl and 
dried -dver MgS64r The organic layer was evaporated to a foam 
■CSOd nig) . ^^^P' NMR (CDClj) 6 151 •! (doublet ) . 

• EXAMPLB^2 

20 2, 6-Diamlno*9* (2 ' -O-octadecyl-S-D-ribofuranoeyl) purine 

2 , 6-Diamino-9- (fi-D-ribofuranosyl) purine. (50 g, 180 
mmol) and sodium hydride (?' gj in DMF (1 1) were heated to 
boiling for 2 hr. lodooctadecaine (100 g) was added at 150^ C 
and the reaction mixture' allowed to cool to RT, The reaction 

25 mixture was stirred for 11 days ' at RT. The solvent was 
-evaporated and the residue purified by silica gel 
chromatography. The product was eliited with 5% MeOH/CH2Cl2. 
The product containing fraction were evaporated to yield the 
product (11 g) . NMR (DMSO-d^) 6 0.84 (t, 3, CHg) ; 1.22 [m, 

30 32, O-CHg-CHj- (CHg) ,6-] ; 1.86 (m, 2, O-CHjCHz- ) ; 3 • 25 (m, 2, O- 
' Cii2-); 3.33 (d, 1/ 4 ' H) /■ 4 . 25 (m, i;" 3 '3)^ 4 (t, 1, 2'H); 
5.08 (d, 1, 3'-0H) /' 5.48 (t, 5'-dH) ;^ S.75 (s, 2, S-NHg) ; 

5.84 :(d, 1,^ 6.8 (s,- 2r-2-NH2) ;' and 7.95 (s, 1, 8-H) . 
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EXAMPLE 43 . - : - 
2' -O-OGtadecylguanosine - 

. 2 , 6-Diamrn6-9-' (2 ' -0-oct:ade(byl-S-D--ribofuranosyl) 

.purine t'lO g)''in 0.1 M sodium phosphate buffer (50 ml, pH 7,4) , 

0. 1 M tris' buffer' (1000 ml, pH 7,4) and DMSO (1000 ml) was 
treated with adenosine deaminase (1*5 g) as per the procedure 
of Example 3, At day 3, day 5 and day '7 an additional aliquot 
(500 mg, 880 mg ' "and 200 " mg, respectively) of adenosine 
deaminase was added. "" The reaction' was stirred for a total of 
.9 day and after- purification' by ' silica gel chromatography 
yielded the product- (2 - g) - Ah^ sample was 
recrystallized from MeOH IJMR { DMSO -d^V'^"6 "0.84 (t, 3, CH3) , 
1,22 Is, 22, O-CHg-CHg-iCHa).;.; S.07 5.78 
(d, 1, -E) /.:.6.v4.3 :{^, :2, -NHa) > 7 . 97 ( s /- Iv 8 -g) 'and 10*64 (s, 

1. NH2) Anal, . Cal.cd... for C2^K^^1^0^: C; 'e2 -Bd; K, 9.16; N, 
12,95. Found: C, 62.54; K, 9:18; N, 12:&S,' ■ * ' 

EXAMPLE 44 •^.:.- 
N2-Isobutyryl-2 ' -0-oct£idecylguanoeine 

2 ' -0-Oc:;tadecylguanosine (1.9 g) in pyridine (150 ml) 
20 was treated with trimethylsilyl chloride (2 g, 5 eq) and 
isobutyryl chloride (2 g, 5 eq) as per the' procedure of Example 
4, The product was purified by silica gel chromatography 
(eluted with 3% MeOH/EtOAc) to yield 1.2 g of product. NMR 
(DMSO-d^) 6 0.85 [t, 3, CH3] , 1.15 [m-; 3'gV O-CHjCHj (CHj) 
25 CHCCEslal, 2.77 fm, 1, eHiCK-^)^], 4.25 (m/'-2, 2'Hi 3'H); 5.08 
(t, 1, 5'-OH), 5.12 (d, 1, 3'-OH), 5.87 (d, 1, I'-g), 8.27 (s, 
1, 8-H), 11,68 (s, 1, NHj) and 12.08 (s, 1, NHj) . Arial , Calcd. 
for C32H55N50^: C, 63.47.; H, 9.09; N, 11.57. Found: C, 63.53; H, 
9 .20; N, ,11.52. 

30 EXAMPLE 45 

2 ^ 6-Diaanino-9- [2' -O- (imidazol-l-yl) butyl-a-I)-ribof uranosyl] 
purine 

2 , 6-Diamino- (9-S-D-ribofuranosyl) purine (5.0 g) in DMF 
(400 ml) was treated with sodium hydride (0.78 g) . After 
35 stirring an additional 30 min a further portion of sodium 



10 



15 
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hydride (2.6 g) was added immediately followed-'by bromobutvl^ 
imidazole (9.9 g) in DMF. .{25.. ,ml) . /. The reaction mixture was 
stirred overnight and quenched with HgO . The reaction mixture 
was filtered through celite and evaporated to- yield an oily 
5 product, TLC showed a mixture of isomers.. 



EXAMPLE 46 

2' -O* (Iaidazol-l-yl,)butylguano8ine. 

A .mixture of . the 2, 6-diamino-9- [2' -O- (imidazol-l- 
yl) butyl .-S-D-ribofuranosyl] purine and 2 /6.-diamino-9- [3 ' -O- 
10 (imidazol-l-yl)butyl-S-D-ribQfuranosyl] purine isomers in 0 . 1 M 
. ,tris buffer -JpH 7.4), 0 • 1 M NaSO^ buffer (pH 7.4) and DMSO is 
treated with adenosine ..deaminase at RT for 5 days as per the 
procedure of Example 3'. The product containing fractions are 
,. purified , by., silica . .gel ' chromatography -and the product 
IS containing fraction evaporated to give the product. 

EXAMPLE 47 

N2 - Isobutyryl - 2 ' « { imidaaol ~ 1 -yl) butylguanosine 

2 ' -0- (imidazole l-yl)butylguanosine in pyridine will 
be treated with trimethylsilyl chloride (5 eq) and isobutyryl 
20 chloride - (5 eq) as per the procedure of Exam.ple 4 to yield the 
product • . : ; 

EXAMPLE 48 

N2- Isobutyryl- 5' -diaieth03cytrityl-2' -O- (inidazol-l-yl) butyl- 
guanosine 

25 N2'- Isobutyryl- 2 ' :0- (imidazol-l-yl) butylguanosinewill 

be treated .with dimethoxytrityl chloride (l.l eq) , and 
dimethylaminopyridine (as a catalyst) -in pyridine as per the 
procedure of Example 5. After chromatography purification, the 
product containing fractions will be evaporated to yield the 

30 product) . . . ' ; ■ • r 
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EXAMPLE 49 . .. 

2 f , 3 ' -OrDibutylstanrLylene uridine ; . ; - 

Utilizing, the protocol of Wagner, et al . , j". Org. 
Chem. 1974, 39, 24., uridine {45..g, 0.184 mol) was ref luxed with 
^5 di-n-butyl.tinoxide (45 g, .0.181 mol) in' 1 . 4 1 of anhydrous 
methanol for 4 hrs . The solvent was filtered and the resultant 
2 ' ,^3 ' -p-dibutylstannylene-uridine was dried under vacuum at 
lOQoC for. 4 hrs to, yield 81 .g. (93%) . 

EXAMPLE 50 --^ ; 

10 2' -O- [Pentyl-o^- (N-phtbaXiaado) ! uridine 

- 2' , 3 '.-O-Dibutyr stannylene-uiridine was dried over PgOj 
under vacuum for 12 hrs. To a solution -of this compound {20 g, 
.42.1 mmpls) inSSO ml of anhydrous DMF- were ^added 25 g {84.2 
mmols) of ' 1? (5-bromopentyl>phthalimFide (Ttans World Chemicals, 
15 Rockville, Maryland) and 12.75 g (85 mmbls)' of ^Cesium fluoride 
(CsF) . The mixture was stirred ^t room tempeVature for 72 hrs. 
The. reaction mixture was evaporated thisn co-evaporated once 
with toluene and the z-esidue was partitioned between EtOAc and 
water (400 ml each). The EtOAc layer was concentrated and 
20 applied to a silica column (700 g> . • Elution with CHjClj-CHjOH 
(20 : 1 , v/v) . gave fractions containing a mixture of the 2'- and 
3'- isomers of O-pentyl-cj-N-phthalimido uridine, in 50% yield. 

EXAMPLE 51 

5' -O-Dimethoxytrityl-2' -O- [peatyt-ar- (N-phthaliaiido) l uridine 

25 The isomeric mixture of 2 ' -O- [pentyl-a>- (N- 

phthalimido) ] uridine was allowed to react with DMT chloride in 
dry pyridine at room temperature for 6 hrs. CH3OH was used to 
quench excess DMT-Cl and the residue was partitioned between 
CHgClg containing 0.5% EtjN and 'water. The organic layer was 

30 dried (MgSO^) arid the residue was' applied to a silica column. 
The column was eluted with CH2Cl2:CH30H (20:1, v/v) to separate 
the 2' and 3' isomers of the product. 
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EXAMPLE 52 

5 ' -O-Diinethoxytrifeyl-2 ' -O- [pentyi-w- {N'.ph:thaii^ ] uridine-3 ' - 
O- (S-cyanoethyl N/N^dixsoprbpylphosphorainidite) 

5; ' - O- Di me t'h-oxy t r i t y 1 - 2 ' - o- [ pe n t y 1 - w - ( N - 
5 phthalimido) ] uridiTi« was., placed" in a dry round bottom flask 
. containing a teflon stir-baf The- flask "was purged with argon. 
Anhydrous: methylene chloride Wa^ added to the flask in an 
amount sufficient to dissolve - thie nuclecDside. ' Previously 
vacuum dried N,N-diisopropylaminohydrotetrazolide (600 mg, 
10 0,014 mol) was added under argon. Bis^^N, N-dii^opropylamino- 
cyanoethylphosphite^'was ^ addled' via syringe /^ The reaction was 
. :i st:irred under argon .:at; 25^C: for^^^ Upon completion of the 

. . .reaction,, the, rea^^ a separatory funnel. 

The . reaction, flask... w^^ with ■ methylene chloride (2x50 

15 mL) The combined : organic iayer was washed 2 x with sat'd aq. 
- :f?^-'"'-3"^ bicarbonate,. The organic i layer Was' dried over magnesium 
' s.\alf ape , - evaporated and . taken - up : in toluene containing 1% 
... trie, thy 1 amine . ... The resul.ting phosphoramidite was purified by 
silica, gel ; flash . chromatography :.and elated with 3:1 i:i 
20 Hexanes/ethyl acetate containing 1% triethylamine . Selected 
f tractions were combined, .concentrated under reduced pressure 
and, dried to yield the product: as a white foam. '^^P-NMR (CDCI3, 
H3PO4 std.) showed the correct diastereomers 

EXAMPLB 53 
25 2'-0-PwtYluridina 

Utilizing the procedures of Examples 50 and 51, 2' ,3' - 
O-dibutylstannylene uridine (19 . 1 g) .was treated with 
bromopentane (7, ml, 1.3 eq>) and sodium iodide (4.5 g) in DMF 
(90 ml). Purification on a silica gel column utilizing 
30 MeOH/CHjClj 5%.^ 10% yielded the. a mixture -of 2' and 3' isomers 
of the product as a dark oil (9.8 g) . 

EXAMPLE 54 

5' -O-Diiaethoxytrityl-2' -O-pentyluridine 

The mixture of 2 ' -O-pentyluridine and 3'-0- 
35 pentyluridine (9.8 g) was reacted with dimethoxytrityl chloride 
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-do; 5 g) -as per the* procedure of Example .51. The crude product 
7 - was^ purified 6n*a' silica gel column (1000 g) . Elution wich 
Hex.-EtOAc (3:1 -> 1:1) gave 5.5 g of the 2'-0-pent:yl isomer and 
3 g of the 3'-0-pentyl isomer. Anal. Calcd. for C35H37N2O3 • HHjO : 
■ 5 -e, -STJSl; 6.55; N, 4 . 5 r Found : . C, 67 . 48 ; H, 6.55; N, 4.5. 

EXAMPLE 55 

5' -0-D±methoxyttltyl-2' - b-pentyluridine-3/ -Or (fi-cyanoethyl N,N- 
dllsopropylphosphoramidi te ) 

' • The protected 5 ' -'6-dimeth^ 

10 (4,6 g. 0.007 mol) was piace4. in a dry,. round;. bottom flask 
contaLinirig a teflon stir-bar. The.f lask was purged with argon. 
Anhydrous methylene chloride was added to. . the -flask in an 
amount sufficient to dissolve the. nucleoside. Previously 
vacuum * dried N, N-diisopropylaminohydro^etrazoli (600 mg, 

15 0.014 mol) was added under argon. Bis-N,N-diisopropylamino- 
cyanoethylphosphite (4 . 5 . g., 4.7 ml,. 2, eq...). was added with 
stirring via syringe. The reaction was stirred under argon at 
25®C for 16 h. After verifying the completion of the reaction 
by TLC, the reaction was transferred to a separatory funnel and 

20 the reaction flask was rinsed with methyle.ne chloride (2x5 0 
mL) . The combined organic layer was. washed 2 x.with sat'd aq. 
sodium bicarbonate . The organic layer wa$ dried oyer magnesium 
sulfate, evaporateii and taken up in ,toluene containing 1% 
triethylamine . The resulting phosphoramidite. was purified by 

25 silica gel flash chromatography (300 g) and eluted with 
Hexanes/ethyl acetate (3:1 1:1 containing 1% triethylamine) . 
Selected fractions were combined, concentrated under reduced 
pressure arid dried to yield 2.67 g of product as a white foam. 
^^P-NMR (CDCI3, H3PO4 std.) showed the correct diastereomers 

30 EXAMPLE 56 

2 ' - O-Methylur idine 

As per the procedure of Example 49, uridine (8.5 g) 
was treated with dibutyl tin oxide (8.2 g, 1 eq) . The 
resulting 2 ' ,3 ' -O-dibutylstannylene uridine was treated with 



wo <)4/0250I 



PCT/LS93/0680- 



- 51 - 

iodomethane (16 ml) at 42«C as per Example 50 to. give a mixture 

• of the 2' and "3' alkylated products {3.5- g) ,.;as-- f oam . 

EXAMPLE 57' 

5' -O- (4^4' -Dimethoxytriphenylmethyl) -2' -p-methyluridine 
5 2' -O-Methyluridine (8.0 g, 0.031 mol) was evaporated 

under reduced pressure with pyridine (lOO mD... to. an oil. To 
the residue was added 4 ,4 ' -dimethoxytriphenylmethyl chloride 
(DMT-Cl, li:5i g, 0.34 mdl), and pyridine ( 100 mL). . T^ie mixture 
was stirred at 25°C f or i\ 5 h and then quenched by the addition 
10 ■ of methanol (10 mL) for 30 min. The mixture was concentrated 
■ under' reducea pressure and the residue was chromatographed on 
silica "gel" "(250^ g) , Elution ' with hexanes-ethyl acetate- 
' triethylamirii (sV: 20 :1) 'and then ethyl .acetate- triethylamine 
(99Yr) V The ap|)ropriat:e fraction^ were , combine evaporated 
15 under- re'diiced '|>r^ 25«>C/0..2 mmHg for 1 h to 

-provide 17 .4 g (100 %) of tan foam; TLC purity 98% (Rf 0.23, 
hexanes-ethyl abetate 4 : 1) ; ' PMR (DMSO) d . 11,4 (H-N^) , 7.78 

• (H-6), 7.6-6:8 (Bz) / 5.8 (H-l' )7 5.3 (H-Sm/5.25 (HO-3'), 3.7 
(CHjO-Bz); '3.4, (CH3O-2'). 

20 SXAMPLE 58 

5 ' - O- (4 /4 ' -dimethoxytriphenylmethyl ) - 2 ' - O-methyluridine- 3 ' - O- 
( fi- cy anoe thy 1 N /N - di i s opropy Iphosphora^ 

The product was prepared as per Example 54 from the 
intermediates' -O- (4,4' -dimethoxytriphenylmethyl) -2/ -0-methyl- 
25 uridine. Ethyl acetate-hexanes- triethylamine (59:40:1) was 
used as the chromatography eluent to give the product as a 
solid foam in 60% yield. TLC homogenous diastereomers , Rf 
0.58; 0.44 [ethyl acetate-hexanes- triethylamine 59:40:1)] . "^^P- 
NMR (CDCI3, HjPd^ std. j d 148.11; 148.61 (diastereomers ) .. 

30 EXAMPLE 59 

2 ' - O- Propylur Idlne 

As pei:*the procedure of Example 49, uridine (10 g) was 
treated with dibutyl tin oxide' (1(3.2 g, 1 eq) . The resulting 
2 ' /3 ' -O-dibutylstannylierie uridine was treated with iodopropane 
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(3. ml, 2 eq.-) at- 110 °.C as -per Example 50 to give a mixture of 
the 2' and 3' isomers: (5. 5 g) as a foam. 

EXAMPLE 60 

5' -O- (4,4' -Dime thoxytriphenylme thy 1) -2' -O-propyluridine 

. 5 . .: The mixture of 2 ' -0-prbpylux*idine and 3'-0- 

propyluridine (3 . 6 ^) was reacted with dimethoxytrityl chloride 
(4.2 g, 1.0.. eq.) -''as per ' £xa:mple- 51, The residue was 
chromatographed. on silica gel elated with' Hex/EtOAc (1:1 with 
1% triethylamine) • The appropriate fractions were combined, 
10 evaporated under reduced pressure and dried to provide 4.2 g of 
a white foam. Anal. Calcd. for C33H3^N20a"i$H20r C, 67.33; H, 
6.16; N, 4.76. Found: C, 67.15; H; 6.24/'^N, 4.44. 

EXM4PLE 61 

5' -O- (4,4' -dlffiethoxytriphwylmethyl) -2' ^^O-propyluridine-B' -O- 
15 (S-cyanoethyl N,N-dllsopropylphoaphorajbidite) 

The product was prepared as per Example 54 from the 
intermediate 5 ' -O- (4 , 4 ' -dimethoxytrityl ) ~2 O-propyluridine 
(470 mg) to yield the product as a foam (477 mg) . 



EXAMPLE 62 ' 

20 2' 'O-Nonyluridine ^ . 

As per :the procedure of Example 49/ -uridine (22.5 g) 
was treated with- dibutyl .tin oxide (22.5 'g> l eq) . The 
resulting 2 ' ,:3 ' -0-dibutylstannyleneux*idine was treated with 
iodononane (11 ml, 1.3 eq.) at 136-140«C as per Example 50 to 

25 give the 2' and 3' isomers (1112 g) as an oil. 

EXAMPLE 63 

5' -O- (4,4' -Dimethoxytriphenylmethyl) -2' -O-ncnyluridine 

The mixture of 2' -0-nonyluridine and 3' -0-nonyluridine 
(11.2 g)- was reacted with dimethoxytrityl chloride (10.5 g) as 
30 per Example 51. The residue was ' chromatographed on silica gel 
eluted with Hex/EtOAc (3:1 1:1 with 1% triethylamine) . The 
-appropriate fractions were combined, evaporated under reduced 
pressure and dried to provide 5.2 g of a foam. An analytical 
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.sample was f-re.chrdmatographed using toluene/EtOAc (3:1 with l% 
triethylamine). -Anal . Calcd.'" ^br C^t^^s^^O'^: C, "69 . 62 ; H, 7.19; 
N, 4.16. Found: C, 69.66; H, 7.18; N, 4.06. 

EXAMPLE fi 4 ^ ■kf-r/v:-:ir.:..-*v^ UO- : :': ^: ' ■ 

5 5^-;0- (4#4^rddLlnethoxytriphenyllnethyl) -2' -O-nonyluridine-B ' -O- (fi- 
cyanoe^hyl N,Nrdilspprppy3.php6phorainidite) 

. _ - The, product wa3 prepared as. per. 'Example 54 from the 

intermediate -0- (4 ,4/ -dim@thoxytrityl:) .-.2 ' -O-Ubnyluridine (3.1 
. ,g) rtp yield t he. ..:pr;Qduc:t ats; a foam- (2 :'49 g)-. 

,10 . EXAMPLE, ;^ 6 5 v.. ^ U^r:/ - ; - 

.2' -O-Hex^nyluridin^ : • 

As per the procedure of Example 49, uridine (10.5 g) 
was treated with dibutyl tin oxide (10:5' g,' 1 eq) . The 
vT-iresulting 2.'-/.a' ->0--dihutylst:annyi'^"h^^^ treated with 6- 

15 bromohexene ,<{3'^5: ml / , lv2^^:e€}. ) and sodium iodide (3.3 g, l . o 
.eg,), at 115 °G as per. Example 50" to give the 2' and 3' isomers 
(3 . 3_^), a$;a foam. : > . .: ■ • ■ 

EXAMPLE 66 

5'-0-(4,4' -Dlmethoxytrlphenylmethyl) - 2 ' - O-hexenylurldine 

20 The mixture of 2 ' -O-hexenyluridine and 3'-0- 

-hexenyluridine.- (3.1 .-.g).- .was ^.reacted • with dimethoxytrityl 
; chloride .. ( 3 .:5* g; 1.1 eq. ) : as • per Example -51 . The residue was 
, chroma t.ographed^^ on silica gel eluted with: 'Hex/EtOAc (3:1 ^ 1:1 
. . . with 1* triethylamine).. The. appropriate fractions were 
25 combined,^ evaporated under reduced pressure and' dried to 
provide 2.3 g of a white foam. Anal. Calcd. for C3^H4qN208 ■ HHjO : 
C, 67.80; H, 6.48; N, 4.39, Found: 68.77;- 6.41; 4.45. 

EXAMPLE 67 

5 ' - O- ( 4 , 4 ' -Diaiethoxytriphenylme thyl ) - 2 ^ - O- hexeny luridine - 3 ' - O- 
30 (fi-cyanoethyl Ni.N-diisoprQpylphpsphora3aidite)„ 

The .product ..is prepared as- per Example 54 from the 
. intermediate 5 '--O- ,C4 , 4 ' .-dimethoxytrityl) - 2 ' - O-hexenyluridine . 
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. i. - EXAMPLE 68- ' - ■ i- f- i'. . 

5' .0-Dimethoxytrityl-2"-0- [heky^ll^- (NiphtHdilimido) 
O^-Cfi-cyanoethyl N,N-diisopropylph68^h6^amidite) 

In a like' manner as per Examples 50 through 52, using 
5 N-.{6-brombhexyl)phthalim±deV-an N-phth^lim^^ substituted hexyl 
group was introduced at the 2 ' -position of uridine followed by 
dime thoxytritylat ion and phospfiityiation to "give the title 
• nucleotide. ■ - ■ - 

EXAMPLE' 69" ' ■ • " - ■ • • ■ 

10 5 ' - O-Dimethoxytri tyl-2 -O- [decyl -w- (N-phthalimido) ] uridine- 3 - O- 
(fi-eyanoethyl N,N-diiaoprbpyiphosy>horajni<iite) 

a-'iike ma:nner as per Examples 50 through 52, using 
- N- ( 10 -broin6d«i:$'l f jJ&thilimidfev^- ''wiXC '^N-phthaliiidi'* substituted 
decyl group was introduced' at the 2' -position of uridine 
15:- followed by ddmethbxytritylataori- W'-Vhosp^^^ to give 

- the title nucleotide'. - -"^ • .: rr. 

•EXAMPLE 70 " ' ■ - ■ 

N4-Benzoyl-2'-0-methylcytidine, Method 

Step 1. 3' ,5' -O- t (iVi J,3-Tetraisdpropyl) -1,3- 
20 disiloxanediyl] cytidine' 

With stirring; /cytidine (4C) g, 0.165 mol) and 1,3- 
dichloro- 1,1,3 ,3 - teti-aisoprb^yldisiloxane (tiPS-Cl , 50 g, 0.159 
mol) were added to dry pyridihe (2S0 mL') . - After stirring for 
16 h at 25'C, the reaction was ' concentrated under reduced 

2S • pressure - to an oil . " The oil was clissolved in methylene 
■ chloride (800 mL) and washed with sat 'd sodium bicarbonate 
(2x300 rtiL) . The organic iayer was passed through a silica gel 
(200 g) scriib column. TH^ produdt was recovered by elution 
with methylene ■ chloride -methanol (97:3). The appropriate 

30 fractions were combined, evaporated under reduced pressure and 
dried at 25«»C/b . 2' mmkg' ^or'* 1 "^i to give 59.3 g (77%) of oil. 
TLC purity 95% (Rf 0.59, ethyl abetate -methanol 9:1). The 
■ product may • be "crystallized from ethyl acetate as white 
crystals, mf) 242 -i244<'c'. 41 PMR '(DMSO) d 7.7 ( H-6) , 5.68 ( 

35 H-5), 5.61 (HO-2'), 5 .^'S (H-1 ' ) " 



wo 94/02501 



PCT/US93/0680T 



- 55 - 

Step 2. N4-Benzoyl-3' -5' -O- [(l.,.l,.3,:3);tetraisopropyl- 
l/ 3-di8iloxanediyl] cyt-idine 

... . ^BenzQyl, .chXor,ide ;{;1B,..,5 .g, ■ .0 . 13, n}oi ).. -v/as added over 30 
min to a stirred solution ,.9.f 3/ 5,'..-P- [..(1,1,3 , 3 - tetraisopropyl ) - 
5 1,3 -disiloxanejiiyl] cyt^dinej JSB ,g , CU. 12 j^hh and tr iethylamine 
(15.6 g, .0.16 mol). in gli;mettiyjL|icetamide <400.mL) .at 5°C. The 
.l^ixture was a i Lowed , tp wgirtn 25''C -for , 16 h and then poured 
onto ice water (3.5 L) with stirring. The resulting solid was 
collected, washed with ice water (3x500 mL) and dried at 
10 45*»C/0.2 mmHg for 5 h to provide 77 g- (100%) of solid. TLC 

, pur^ity, 931. 9,g%. (R^^^ ■ 9. :1) ; PMR (CDCLj) 

d 8.32 (H-6) ; mp. 100|rigi'»C., : ., ... . 

Steg 3 . . ^ N4-9enzoyl-2' -O-methyl-3' ,5' -O- 

[(1,1^3^3) tetraisopropyl r 1 ^ 3 r disiloxf aediyl ] cyt idine 
15 A. m i X t u^r,e .. o f N,4 - b e n z o y .l - 3 ' - 5 ' - O - 

^ .J Cl/A/ 3 , 3) t.etraisopropyl-1.., 3 cytidine (166 g, 

0. 25 mol, 90% purity), silver oxide (150 g, 0.65 mol) and 
toluene (300 mL) was evaporated under reduced pressure. More 
toluene (500 mL) was added and an additional amount (10 0 mL) 

20 was evaporat|$d._ ,Under-.a nitrogen, atmosphere, methyl iodide was 
added in one portion and the reaction was stirred at 4 0°C for 
16 h. The silver salts were, qollected. and washed with ethyl 
acetate (3x150 mL) . The cpinb.ined filtrate was concentrated 
under reduced pressure. The re.qidue was dissolved in a minimum 

25 of methylene chloride, applied to , a silica gel column (1 kg) 
and eluted with hexanes-ethyl .acetate (3:2 -* 1:1) . The 
appropriate fractions were combined, concentrated under reduced 
pressure and dried at 45«C/0,2 mmHg, for 1;, h to yield ill g 
(66%) of oil; TLC purity ca. 90% (Rf 0.59, hexanes-ethyl 

30 acetate 3:2). PMR (CDCI3) d '8.8 (br s, 1 , H-N^) , 8.40 (d, 

1, H-6) , 8.0-7.4 (m, 6,. H-5 and Bz) ,.,.5 . 8^. (s, 1, H-IM, 3.74 
(s^ 3, CH3O-2' ) . ' 

Step 4. N4*Benzoyl-2 / -O-methylcytldine 
A solution of N4-benzoyl-2 ' -O-methyl-3 ' , 5 ' -O- 
35 [(1,1,3,3) tetraisopropyl-l,3-disiloxanediyl] cytidine (111 g, 
0.18 mol) in methanol (160 mL) and tetrahydrof uran (640 mL) was 
treated with tetrabutylammonium fluoride solution (368 mL, 1 M 
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. " in Cetrahydrof uran) The reaction was stirred at 25*^0 for 16 
h, '.The pH W^s 'adjusted to'"7 with Amberlite IRC-50 resin. The 

• mixture was' fi-'ltered" and "the resin was washed with hot methanol 
(2x200 mL)."' The ' cbrrtbined filtrate was concentrated under 

;.5; refduced -jpressure/ Absorbed ^ on silica gel (175 g) and 

• chfomatOgraphed on '^silica gel (500 g/ ethyl acetate-methanol 
19:1 -» 4:1). Select<ed fractions were combined, concentrated 
under i-educed pressure and dried at 40^0/0,2 mmHg for 2 h to 
yield 28 g (42.4%, 21.5% from cytidine) of solid; TLC 

10 homogenous (Rf- Oi 37, ethyl acetate) . mp 178-18^ (recryst. 
from ethariol) ; PMR (01)013) d ii .22 (fet sT l^^-N^) ^ Q.SS (d, 

1, H-6) , 8.1-7.2 (m, "6, H-s' ihd Bz) / 5 . 89 (d, 1, H-1' ) , 5.2 (m, 

2, HO- 3' ) / 3;48 (sV 3, CH3O-2' ) , 

. EXAMPLE 71 

15 N4-Ben2oya-2' -O-methyibytidine^ Method B 
Step 1. 2' -b-methyicytidine 

Cytidine (100 g, 0.41 moi) was dissolved in warm 
dimethyl formamide {S5^C, 1125 mL) . The solution was cooled 
with stirring to O^C. A slow, steady stream of nitrogen gas was 

20 delivered throughout the reaction. Sodium hydride (60% in oil, 
washed thrice with hexanes, 18 g, 0.45 mol) was added and the 
mixture was stirred at O^C for 45 min.. A solution of methyl 
iodide (92.25 g, 40.5 mL, 0.65 mol) in dimethyl formamide (400 
mL) was added in portions over 4 h at 0**C. , The. mixture was 

25 stirred for 7 h at 25**C and then filtered. The. filtrate was 
concentrated to dryness under reduced pressure followed by co- 
evaporation with methanol (2x200 mL) . The residue was 
dissolved in methanol (350 mL) . ' The solution was adsorbed on 
silica gel (175 g) arid evaporated to dryness. The mixture was 

30 slurried in dichloromethane (500 mL) and applied on top of a 
silica gel columii* (1 kg). The column ' was eluted with a 
gradient of dichloromethkne-methanol (10:1 2:1). The less 
polar 2 ' , 3 ' -dimethyl side product was removed and the co- 
- eluting 2' and 3'-0-methyl product containing fractions were 

3 5 combined and evaporated under reduced pressure to a syrup. The 
syrup wais dissolved in a minimum of hot ethanol (ca. 150 mL) 
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and allowed to cool to ZS^C. The resulting precipitate (2' 
less soluble) was collected, washed with sthanol (2x25 ml) and 
dried to give 15:2 g of pure 2 '.-O-methylcytidine; mp 252-254»c 
mp 252-254»C); TLC. homogenous (Rf 0.50,- dichloromethane- 
5 methanol 3:1, (Rf of 3/ isomer 0.50 and the dimethyl product 
0.80) . The filtrate was evaporated to give 1-8 g of a mixture 
of isomers and sodium iodide . 

Step 2. N4 -Benzoyl -2 '-Q-methylcytidine 
. The pure _2'-p-methylcytidine, (15.2 g, 0.060 mol) was 
10 dissolved in absolution of benzoic anhydride ( 14 . 7 g,-0.12 mol) 
"in dimethylformamide (200 mL). The solution was stirred at 
25°C for 48 h and. then evaporated to dryness under reduced 
pressure. The residue was triturated with methanol (2x200 mL) , 
collected and then triturated with warm ether (300 mL) for 10 
15 min. The solid was collected and triturated with hot 2- 
propanol ..(50 mL) and allowed to stand at 4''C for 16 h. The 
solid was collected . and dried to give 17 g of product . The 
crude filtrate residue. (18 g), of 2' -O-methylcytidine was 
treated with benzoic anhydride ,(17.3. g, 0.076 mol) in 
20 dimethylformamide (250 mL) as above and triturated in a similar 
fashion to give an additional 6.7 g of pure product for a total 
yield of 23.7 g (16% from cytidine) of solid; TLC homogenous 
(Rf 0.25, chloroform-methanpl 5:1,. corspots with material made 
utilizing Method A) 

25 EXAMPLE 72 

M4-Benzoyl-5' -O- (4,4' -dimetlioxytriphenylmethyl) -2 ' -O-methyl- 
cytidine 

N4-Benzoyl-2'-OTmethylcytidine, (28 g, 0.077 mol) was 
evaporated under reduced pressure to an oil with pyridine (400 

30 mL) . To the residue was added 4,4 ' -dime thoxytriphenylmethyl 
chloride (DMT-Cl, 28.8 g, 0.085 mol) and pyridine (400 mL) . 
The mixture was stirred at 25 »C. for. 2 h and then quenched by 
the addition of methanol (10 m^i) for 30 min. The mixture was 
concentrated under reduced pressure and the residue was 

35 chromatographed on silica gel (5.00 g, hexanes-ethyl acetate- 
triethylamine .60:'40:l and then ethyl . acetate-triethylamine 
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99:1), The appropriate fractions were combined, evaporated 
under^ reduced pressure • a^nd' .dr.ied ' at 4Q'^C/0«..2 mmHg for 2 h to 
give . 26 g (74%)... of. foam; TLG -homogenous (Rf 0.45, ethyl 
acetate); PMR_(DM.SO) ..d 11.3 {H-n"^), 8. 4-6, a .{H-6, H-5, Bz), 
■5 5.95 5^2 AllOr^i' } (s, 6, CH3O- trit . ) , : 3 . 5 (s, 3, 

CH3O-2' ) * . ' -^^ . ^. . . 

EXAMPLE 73 

N4 -Benzoyl- 5 ' - O- (4 , 4 ' -dimethoxytriphenylaielihyl } - 2 ' - O-methyl 
cytidlne-3 ' -0-.(S-^cyano^thyl J^,H-^ 

10 .The product .r^wa:S; j^^ per* the prccedure of 

Example 38 , starting .with™. in compound N4-ben2oyl-5' - 

O- {4 , 4 ' -dimethoxytriphjeinYlmethyl:) -r2 ' rO-methyicytidine (22.0 
g, 0.- 0333. mole) and using ;ethyl:^acetate.-hexanes-triethylamine 
(59:40:1). as the chromatography eluent to "give the product as 

15 a solid foam ( 23.-6 .g) . -in :S3%; yield;'. TLC -homogenous 
diasterepmers (Rf 0,46; 0-33,.. . ethyl' acetate-hexanes - 
triethylamine 59:40:1) ; .^^P-NMR . ..(0030^, HjPO^ std.) d 150.34; 
151.02^ (diastereomers) . 

EXAMPLE 74 
20 2 ' - O-Nonylcy tidlne 

Cytidine (10.1 g, 0.0415 mol) / sodium hydride (2.0 g, 
1.2 eq) , iodononane (9.8 ml, .^.l .^-. eq. ). in DMF (100 ml) were 
reacted as ^per the procedure of Example, 71, Step 1 to yield the 
2' and 3' isomers as a sticky foam. (11 . 6' g) . 

25 EXAMPLE 75 

N4-Benzoyl-2' -O-nonyl cytidine 

The mixture of 2 ' -0-nonylcyt-idine " and 3'-0- 
nonylcytidine (11.5 g) ■ is converted to N'4 -benzoyl -2 ' -O- 
nonylcytidine as per the procedure of Example 71, Step 2. 
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EXAMPLE 76 

N4- Benzoyl - 5 ' - O- (dime t-hoxy tr i tyl ) - 2 ' - O-hony Icy t idine 

. - N4-Ben2oyl-2 ' -■G-nonylcytidine (2 , 67 g, 'o' . 0056 mol) was 
treated with dirtiethoxytrityl chloride (2.0 g, 1. l..eq) as per 
5 the procedure of Example 72 to give 4.2 g of pure product. 
Anal. Calcd. for C^^HgjNjOg • MHjO : C, 70.39; h/'6.93; N, 5.35. 
Found: C, 71.20; 6.88; N, 5.41. 

\ EXAMPLE^ 77 ''^'^ 

M4-Ben55oylf-5^^«b- (di^ -O- (S- 

.10 cyanoethyl N,2r^diii§o{]^ropylphosp 

: . The-- -pi^oduet^ Was prepared as per the procedure of 
• ; .Example: 38 ■ starting with rntermediate cdmpotind N4 -benzoyl -5 ' - 
O- 04 >.4 dimethoxytripherlyl<nethyl) - 2 ' - O-nonylcyt idine (4.1 g , 
-.0 - :0 0"-5 3^ tn o 1 e )^'' - ^ -t r e^a t e d w i t h b i s - N , N - 
15 :diisopropyla:mihocyanoethylphosphite ' (3.3 ml) and N,N- 
; . diisopropylaminohydrotetrazolide (450' mg). The product was 
eluted' from the* silica gel column using Hexane/EtOAc (3:1 1:1 
with 1% triethylamine) as the chromatography eluent to give the 
product as a solid foam (4,21 g) . ^^P-NMR (CDjCN, HjPO^ std.) 
20 shows the diastereomers ; 

EXAMPIiB 78 

2 ' - O- Pentylcy t idine 

Cytidine (10 g, 0.041 mol), sodium hydride (2.4 g, 1.5 
eq) , bromopentane (7,6- ml,' 1.5 eq: ) in DMSO (90 ml) were 
25 reacted as per the procedure of Example 71, Step 1 to yield the 
2' and 3' isomers as a foam (7.6 g) . 

EXAMPLE 79 

N4 - Benzoyl - 2 ' - O-pentylcy tldine . 

The > mixture of 2 ' ^0-pentylcyt idine and 3 ' - O- 
30 pentylcytidine (7.5 g) is converted to N4-benzoyl-2 ' -O- 
pentyl cytidine as per the procedure of Example 71, Step 2. 
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EXAMPLE 80 - 

N4 - Benzoy i - 5 ' - O- < dime thoxy tri tyl ) - 2 ' - O-pen tylcy t idine 

" ■ N4- Benzoyl -2' -O-pen tylcy t idine (3.0 g, 0.007 mol) was 

treated with dimethoxytrityl ^chloride (2.7 g, 1.1 eq) as per 

S the procedure of Example' 72 to give 3.5 g of. pure product. 
"Anal. Calcd. foir C^jH^sNjOg-^jO.^ C', 69,21; H, 6.36; N, 5.76. 
Found: C, 69.51; H, 6 . 30; 5 . 71 . _ 

EXAMPLE si 

N4-Benzoyl-5' -O- (dime thoxy tri tyl) -2' -O-pentylqytidine-3 -O- (fi- 
10 cyanoethyl N,N-diisopropylphosp^orami,d^^ . .. 

The product was prepared .as. per the procedure of 
Example 38 "starting"' with intermediate compound „N4 -benzoyl - 5 ' - 
O- { 4 , 4 ' -dimethoxytriphenylmethyl ) - 2/ -O-pentylcyt idine (3,5 g , 
0.0 0 4 8 mol e.) t,r q'sl t e d with . b i s - N , N - 
IS diisopropylaminocyanoethylfjhosphite g, 3.1 ml, 2 eq.) and 

N,N"diisopropylaminohydrotetra2oiide (400 mg, 0.5 eq.). The 
product was eluted from the silica :gel column using 
Hexane/EtOAc (3^:1 -* 1:1 with 1% triethylamxne) as the chromato- 
graphy eluent to give the product as a solid, fpam (3.24 g) . 
20 ^^P-NMR (CD3CN, H3PO4 std.) shows the diastereomers . 

EXAMPLE 82 

2' -O-Propylcytidine 

Cytidine (16.5 g, 0.068 mol) was treated with sodium 
hydride (4.5 g) and bromopropane (15 ml) in DMF (150 ml) at 
25 room temperature for three days. The resulting reaction 
mixture was used, directly in the next step (see . Example 83) . 

EXAMPLE 83 " 

N4 -Benzoyl - 2 ' - O-propylcyt idine 

To the 2' -O-propylcyt idine reaction mixture of Example 
30 82 in an ice bath was added pyridine (.60. ml), and trimethylsilyl 
chloride (60 ml ) . The reaction .was stirred for 30 mins 
followed by the addition of benzoyl chloride (55 ml) . The 
resulting reaction mixture was stirred for 2.5 hrs and then 
cooled in an ice bath, HjO (100 ml) and cone. NH^OH (100 ml) 
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were added. After stirring for 30 mins, the :,reaction mixture 
was evaporated and the residue partition .be tweent- H,0 and CH,C1, 
The organic phase was washed once.. with dil NagCOj, once with dil 
HCl, dried over MgSO^ and evaporated. The re.su.lting residue 
5 was loaded on a silica 'gel coiumn (150 g) and eluted- with first 
CH2C12- then S to 10% MeOH ih CHgCl^ as the. elutipn solvent. The 
product Containing fractions were evaporated to . a foam. The 
foam was crystallized from EtOAc/Hexanes to give the product 
(6,5 g total) in several crystal batches. 

N4-Ben26yi - 5' -^0-^(dime -2 ' -O-'propylcytidine 

' ' *^N4"-Behzoyi-^ ' -d-propylcytidine (3.0 g, 0,007 mol) was 
treated withy dimethbxytrit (1. 5 g) as per the 

procedure of Example 72 to give 1.5 g of pure product. Anal. 
IS Calcd: for Ci^oH^z^^O^'mp: C, 68/45/ H, 6.18; N, .5.99. Found: 
C, 68,39;'^H/ 5.9Si;''N, S^SS.' \ 

EXAMPLE 85 

N4-Benzoyl-5' -b- (dimethoacytrityl) - 2' -O-propylcytidine-3 ' -O- (S- 
cyanbethyl N,N-dliiBbpropyipho8phoramldlte) 

20 " The product was prepared as per the procedure of 

Example 38 starting with intermediate compound N4 -benzoyl -5 ' - 
O- (4 , 4 ' -dimethoxytriphenylmethyl) -2' -O-propylcytidine (3.8 g, 
0.0055 mole) treated with bis-N,N- 
diisopropylaminocyanoethylphosphite (3.5 ml, 2 eq.) and N,N- 

25 diisopropylaminohydrotetrazolide (500 mg, 0.5 eq, ) . The 
product was eluted *£rom the silica gel column using 
Hexane/EtOAc (1 : 1 with 1% triethylamine) as the chromatography 
eluent to give the product as a solid foam (4.72 g) . "^^P-NMR 
(CD3CN, H3PO4 std.) shows the diastereomers . 

30 EXAMPLE 86 

N2,N6-DliddbutyrylaxDlzio-9- {2' -O- me thyl-£l-D«-ribo£urano8yl) purine 
N2 , N6-Diamihb-9- (2 ' -0-methyl-S-D-ribofuranosyl) purine 
(1,6 g, 5,39 mmol/ see iSxample 34) was cb-evaporated with 
pyridine (25 ml) • A suspension of the residue in pyridine (40 
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ml) was cooled in -^an^ice bach and trimethylsilyl chloride (4.3 
ml) was added'/ ^The. reactiori mixture was stirred for 30 mins 
^ followed by the addition of butyryl chloride (2.8 ml, 5 eq) . 
The resulting reaction mixture was stirred at room temperature 
5 for 4 hours. HjO (10 ml) and cone. NH^OH * ( 10 * ml ). were added 
with stirring to quench the reaction mixture. After 3 0 mins, 
the reaction mixture was evaporated and the residue purified on 
a silica gel column using CHgClj -* 10^ MisOH/CHgdl^ to elute the 
product. The* appropriate fractions were evaporated to yield 
10 the product . as an oil (2 ;4 g) v '"'-'•* ^ 

EXAMPLE 87 ■ ■ " - ^ V^" 

N2 ,N6-=Dilsobutyryla2iino-9- (S' -0-aiiBeth63cytrityi-2 ' -O-methyl-S- 
D-ribofuranosyl) purine' • - ^ ^' 

;N2 ; N6 - D i i s bbu t y ryi ami' no - 9 - ( 2 ' - O- methyl - S - D- 
15 ribofuranosyl) purine (2.4 g) was co-evapdrated with pyridine 
and redissolved in pyridine. Dimethoxytrityl chloride (1.8 g, 
1 eq) and dimethylamihopyridine ' (5 mg) were added and the 
resulting solution was stirred overnight at room' temperature. 
The solvent was partly evaporated and the residue partition 
20 between CHjClg - dil. NagCOj. The organic phase was washed with 
di.l. NagCOj, dried with MgSC^ and evaporated. The residue was 
purified- on a silica geil column eluted with Hexanes/EtOAc (1:1) 
containing. l% triethyl-amiiri*e. The fraction contain the product 
were evaporated to yields the product as a* foam (2.4 g) . 

25 EXAMPLE 88 

N2,N6-Diisobutyrylaaino-9- [5'-a-diJttetiioxytrityl-2' -O-methyl-3' - 
O- (S-cyaaoethyl N^diisopropylphosphoramide) -S-D- 

ribofuranosyl 1 pur iae 

N2,N6-Diisobuty2rylamino-9- (5' -d-dimethoxytrityl-2' -O- 
30 methyl - IS- D- ribofuranosyl) purine (1.7 g, 0.002 3 mol) was treated 
with bis-N, N-diisopropylaminocyanoethylphosphite (1.48 ml, 2 
eq.) and N-diisopropyiaminohydrotetrazolide (200 mg) at room 
temperature overnight. The reaction mixture was partitioned 
between dil. Na2C03/CH2Cl2, the organic phase was dried over 
35 MgSO^ and evaporated* The residue was loaded on a silica gel 
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column .and .elated, with Hexanes/EtOAc ■(■3:1 i:i with i% 
triethyl.amine). ..to give; the product -as. -a -solid- foam {1.73 g) . 
^^P-NMR (CPjCN,.. H3PQ4 std. ) . shpw3 the dlastereomers . 

EXAMPLE 89' . .. -^^ 

5 Oligonucleotide .Synthe^sis: - 

, Once nucleo^-ide phoaphoraraidi^ 
h>een prepared ^ they can^ then subsequently be incorporated into 
oligonucleotides ^ ., v/hich • are by a standard solid 

phase, automated nucleicv acid . synthesizer such as the Applied 

10 Biosystems, Incorporated 380B or MilliGen/Biosearch 7500 or 
8800. Standard phosphoramidite coupling . chemistries (see, 
e . g. . M ^,,CaL^therjp>. . 01 .i graAu.^ii;eo:feides-.u. .Anti-sense Inhibi tors of 
Gene Expression. , pp, 7-24v.::.a:.:S,; Cphen^^^ Press, Inc. 

Boca Raton,.., .FLv. . 1989) ; are-, .used with these synthesizers to 

IS provide .^tjje 4^ The' Beaucage reagent 

(see, f ,g., ,„ iJ.. Am. Chem.. , Sac. ;1990/ .112,.. 1253) or elemental 
sulfu?: (see, ^e.g^r, Tetrake<^ 22, 1859), can 

likewise be. used to provide ,phosphorothioate oligonucleotides. 

EXAMPLE 90 : 
20 , A. Evsiluajtion p£ the themodynaAics of hybridization 

o£. 21' T inodi£ie4:^ pligonucleotides . ' 

;rhe .ability of -the 2/ modified o to 
hybridize to their complementary.; RNA or DNA sequences is 
determined by thermal melting analysis. The RNA complement is 

25 synthesized from T7 RNA polymerase and a ^ template-promoter of 
DNA synthesized,^ with an- Applied Biosystems, Inc. 380B RNA 
species was purified by ion / exchange .. using FPLC (LKB 
Pharmacia, Inc. ) . Natural antisense .oligonucleotides or those 
containing 2 ' -O- alky 1 guanos ine at ^specific locations are added 

30 to either the . RNA or DNA complement at . stoichiometric 
concentrations and the absorbance (260 nm) hyperchromicity upon 
duplex to random coil transition was monitored using a Gilford 
Response II spectrophotometer. These measurements are performed 
in a buf fer of iO rnM Na-phosphate, pH 7 . 4, 0 , 1 mM EDTA, and 

35 NaCl to yield an ionic strength of .10 either 0.1 M or i.O M. 
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Data is analyzed by- a' graphic "'repre's'entat: ion of i/T^ vs ln[Ct] , 
. ;:where v[Ot:'J- vra^s- 'the-'feotal oiigonu'ci eot ide concentration. From 
t^is . analysis the- -• thermodynamic' para -meters is determined. 
• Based upon the i'nfo'rmat ion" gained concerning the stability of 
5 - the duplex jof heterodupl^x formed, the placement of 2' -O-alkyl 
..guanosine-into oligonixclebtides are assessed for their effects 
on helix Stability/ Modification^ that drastically alter the 
stability of fhe hybrid exhibit: reductions in the free energy 
. (delta G) - and' ■d4cis£b'n:s'' coricer^ing ' their usefulness as 
. 1,0 antisense- cligoriuciebVi'd^s^ are mad41 - • i - 

B. Fidelity of hyi^ri^dizWioii of 2'- xaodified 
.oligonucleotides '"^ 

■ ' ^The ability of • the ^ 2 ' -O-^lkyl" guanos ine^ modified 
antisense" oligb- riucleot ides' to' hybridize Wxth absolute 
.15 specificity to the targeted^ 'mRNA 'is shown by Northern blot 
: .analysis of purified target mRNA ' in the "presence of total 
: cellular RNA. Target mRNA ' is " synthesized ' "from a vector 
containing the cDNA f or the target mRNA located downstream from 
a T7 . RNA polymerase • promo'ter. Synthesized mRNA was 

20 electrophoresed in-an agarose gel and transferred to a suitable 
support membrane (ie, nitrocellulose) . The support membrane was 
blocked and - probed*' using [^^P] -labeled antisense 
oligonucleotides. The stringency will be determined by 
replicate blots and" washing* in eitlier' elevated temperatures or 

25 > decreased' ionic* St rengtli ^'*d^^ th^ w*^*sh buffer. Autoradiography 
was performed to assess the presence of heteroduplex formation 
and the autoradibgrani' quant i tat ed by laser densitometry (LKB 
Pharmacia r Inc .) . The ' specif icity of hybrid formation was 
determined' by isolation of total cellular RNA by standard 

30 techniques and * it's' analysis by ^ agarose electrophoresis, 
membrane transfer and' probing with " the labeled 2 '-modified 
oligonucleotides; ' - 'Stringency was predetermined for the 
unmodified - ant^isVnse oligonucleotides arid the conditions used 
-such that only ' the spefc'if ic'ally tsirgeted mRNA' was capable of 

35 'forming a het^xbdiiplex" with' the 2^-mod:ified oligonucleotide. 
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EXAMPLE 91 - Nuclease .Resistance . , . 

A. Eval^ation of - the: res-istailce of " 2 ' - modified 
,^ oligpnucleptidea^^ and cytoplasmic nucleases. 

. Natural phpsphprothipate,: .^ 2^- modified oligo- 
5 nucleotides , wer^ a^se^sed;, -rf or -their xxesisfance ^- to serum 
nucleases by .incub^fition^ o-fc ..-,th^ oligonucleot^ides in media 
containing .y;ar iou a, concent r^tipjns of fetal calf serum or adult 
human serum. ^ ; liabeled.^^^^^^^ , were, incubated for 

various times , .ti^e^ited with, pjcpt ease and then analyzed by gel 
10 electrophoresis on ?„0%^ P9i>^acrylamin^^^^^ gels and 

subsequent autoradiography. Autoradiograms were quant itated by 
lasex deAsiXom^^^ Based. . . uppn-. the location of the 

modifications and the knovm .length, ^ the oligonucleotide it 
was possible, to deterrnine the ,ef feet on nuclease degradation by 
15 the particular 2/ -modif icatipn. For. the cytoplasmic nucleases, 
^,^^^0 cell, line was. us.e.d.... A post-mitpchondrial supernatant was 
. P?^fR^,^:®d ;.fc^y centrifugation and. the labeled 

oligonucleotides were incubated in this supernatant for various 
times Pollpwing the incubation, ; pligo-nucleotides were 
20 assessed . for degradation , as outlined above for serum 
nucleolytip degradation., Autpradiography results were 
53^?^.^ i-^^^.®^ ^'P^ comparison., of the unmodified> the 
phosphorothloates, and the 2,? - .modified oligonucleotides. 



^ B,, Evaluation of the resistance of 2'- modified 
25 pligonuclfoti4e8 to specif ic endo- and exo-nucleases . 

Evaluation of the . resistance of natural and 
2' -modified oligonucleotides to specific nucleases (ie, 
endpnucleases,^ 3 ' , 5' -exo- , and 5 ' , 3 ' -exonucleases) was done to 
determine the exaqt effect of the modifications on degradation. 

30 Modified oligonucleotides were incubated in defined reaction 
buffers specific for Vjarious selected nucleases. Following 
treatment of the products .with proteinase K, urea was added and 
analysis on 20% poly- acrylamide gels containing- urea was done. 
Gel products, were visualized by staining using • Stains All 

35 (Sigma Chemical Co.) . Laser densitometry was used to quantitate 
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the extend of degradat ion. The- 'erfects of' the 2 ' -niodifi cat. ions 
were determined for -specific , nucleases and compared with the 
results obtained from the serum and cytoplasmic systems. 
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, What, is claimed is : ■ 



A compound having Che' structure: 



0 




N 



A, 



■NH 



HO 0— X 



wherein X is Ri-(R2)n' 

is C3-C20 alkyl, C^-Cjo alkenyl or C2-C20 alkynyl; 
R2 is halogen, hydroxyl , thiol, keto, carboxyl, nitro, nit rose, 
nitrile, trif luoromethyl , trif luoromethoxy , 0-alkyl, S-alkyl, 
NH-alkyl, N-dialkyl, O-aryl, S-aryl, NH-aryl, 0-aralkyl, S- 
aralkyl, NH-aralkyl, amino, N-phthalimido, imidazole, azido, 
hydrazine, hydroxylamino, isocyanato, sulfoxide, sulfone, 
sulfide, disulfide, silyl, aryl, heterocycle, carbocycle, 
intercalator, reporter molecule, conjugate, polyamine, 
polyamide, polyalkylene glycol, polyether, a group that 
enhances the pharmacodynamic properties of oligonucleotides, or 
a group that enhances the pharmacokinetic properties of 
oligonucleotides; and 

n is an integer from 0 to about 6 . 



2. 



The compound of claim 1 wherein is C^-C 



20 



alkyl . 



3. 



The compound of claim 1 wherein is C5-C 



alkyl , 
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A compound' having the structu^re : 

6— Oj 




.0. 




.Q— X 



wherein X is R,-{R2)n; 
r] is' C3-C20 alkyl; 

Rg is NHg/ imidazole, or N-phthalimido; 
Y is a hydroxyl blocking group; 
Z is phosphate or an activated phosphate group; 

and^ Qj 'independently are H or a guanosine blocking 

group; and 

n is an integer from 0 to about 6. 

5. The ccmpduhd oF claim 4 wherein: 

Y is trityl, methoxytrityl , dimethoxytrityl or 
trimethoxytrityi . 

6. The compound of claim 4 wherein: 

. Z is S-cyanoethyl-N^N-isopropylphosphoramidate . 



?• . A compound haying thi? structure; 



■ W 

KO " 
wherein X is Ri-(R2)n; 

R, is C3-C20 alkyl, C^-Cjo alkenyl or Cj-Cjq alkynyl ; 
R2 is halogen, hydroxyl, thiol, keto, carboxyl, nitro, nitroso, 
nitrile, trif luoromethyl, trif luoromethoxy, O-alkyl, S-alkyl, 
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NH-alkyl, N-dialkyl, 07aryl.,.. . S-airyl , NK-aryl, O-aralkyi, s- 
aralkyl, NH-aralkyl, amino, imidazole, N-phthalimido, azido^ 
hydrazine, hydroxylamino, isocyanato, sulfoxide, sulfone, 
sulfide, disulfide, silyl, aryl, heterocycle, carbocycle, 
intercalator, reporter molecule, conjugate, polyamine, 
polyamide, polyalkylene glycol, polyether, a group that 
enhances the pharmacodynamic properties of oligonucleotides, or 
a group that enhances the pharmacokinetic properties of 
oligonucleotides; and 

n is an integer from. 0 to about 6 . 

'' ^ 8. The compound 2 ' -O-propylguanosine , 2'-0- 

pentylguanosine , 2' --p-nonylguanQsine, 2 ' -0-octadecylguanosine , 
2' -O- (N-phthalimidoJ -p.i^nt^^ • or 2' -O- (imidazol-l- 

yl ) butylguanosine . 

9. A process for preparing a 2 ' -O- alkylated 
guanos ine 3/- 0-phosphorani^ comprising the steps of: 

alkylating a 2, 6-diaminar9- (ribofuranosyl) purine to 
form a 2, 6-diamino-9- (2' -O-alkylated ribofuranosyDpurine; 

deaminating said 2 , 6-diamino-9- (2 ' -O-alkylated ribo- 
furanosyl) purine. to- form a 2' -O- alkylated guanosine; 

;. blocking the 5' -hydroacyl moiety of said 2' -O- alkylated 

guanos ine ; and 

phosphitylating t:he 3 '- -position of said 5' -blocked 2' - 
O-alkylated guanosine. 

10. The process of claim 9 wherein said alkylation 
is in the presence of base. 

11. The pr'ocess of claim 10 wherein said base is a 
metal hydride. 

12. . The process of claim 9 wherein said blocking step 
adds a dime thoxytrityl group. . - • - 
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•--'13. The' process ■ c' claim 9 wherein said 
phosphltylation step is conducLed with bis -N, N-diisopropyl - 
aminocyanoethylphosphite . 

' . ; 14.' The^' process of claim 13 wherein said 
, : tphosphitylatiori step is -'^ conducted in the presence of N,N- 
diisopropylamino-hydroeetrazblide . - * . 

r 15. 'The. proc^^s 'of claim* 9 further comprising 
blocking the N2 -amino moiety of said -2'^d-ilkVTated guanosine 
prior to blocking said 5' hydroxyl moiety. 

\16 The. process 'Of' claitti "9' 
step is perforiTied using adiBncsind^^^^ 

17. A process for preparing 2 ' -O-alkyl -guanosine 
comprising: 

treating 2/5 -diaminopuifine riboside with a base ' and 
a compound having the formula R-L wherein R' is said alkyl group 
and L is a leaving group, to form 2 ' -O-alkyl -2 , S^diaminopurine 
riboside and 3 ' -O-alkyl-2 , 6-diaminopurine riboside; and 

deaminating said 2 ' -O-alkyl-2, 6-diaminopurine riboside 
to yield the said 2' -O- alkyl guanosine . 

18. The process of claim 17* further^ comprising: 
separating said 2 ' -O- alkyl -2, 6-diaminopurine riboside 

from saiid 3 ' -O-alkyl-2 , 6-diaminopurine riboside . 

'19, The process of claim" 18 wherein said 2'-0-alkyl- 
2 , 6-diaminopurine riboside is separated from said 3'-0-alkyl- 
2 , 6-diaminopurine Riboside by conqlucting said deamination under 
conditions jsuch that the rat^ of^. deamination of said 2'-0- 
alkyl-2, 6-diaminopurine riboside is accelerated compared to the 
rate of deamination . of . said . 3 ' -O-alkyl-2 , 6-diaminopurine 
riboside . 
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2,0:.. The process, of claim 17 wherein said 2'-0-alkyi- 
2 , 6 -diaminopurine ^ riboside is. 'deaminate'd With adenosine 
deaminase. : - '. - ' ' • ' * 

,.21. The process oj. claim 19 wherein said accelerated 
rate of deamination .of . Si^id, 2,' -0-a'ljcy;l-2., .6 -diaminopurine 
riboside is achieved by use of the enzyme, adisinosine deaminase. 

o22. ;.The process, of. claim 17 wherein said base is 
spdiunj; .hydride^ - - - . ■ 

23. The process of claim 17 wherein said 2'-0-alkyl- 

2 ,,6,-diaminppurine physically separated from said 

3 ' -0-alkyl*.Z> 6-di^ riboside . by crystallization or 
chromatography . 

24 . The process of claim 17 wherein said alkyl group 
is C1-C20 straight : chain or -branched chain, saturated or 
unsaturated., alkyl, C^.r^zo .slicylic, . C-,-G2o^ straight chain or 
branched chain, .saturated or unsaitxirated, substituted alkyl or 
-Cgp substituted-^ alicyclic .... 

25... The process of claim 24 wherein the substituent 
of said C-j-Cjo straight chain or branched chain, saturated or 
unsaturated,, substituted alkyl or C^-Cjq substituted alicyclic 
is halogen, hydroxy 1, thiol, ke to, carboxyl, nitrates), nitro, 
nitroso, nitrile, trif luoromethyl , trif lup^omethoxy, O-alkyl, 
S-alkyl, NH-aikyl, N-dialkyl, 0-aralkyl, S-aralkyl, NH-aralkyl, 
amino, azido, hydrazino, hydroxy 1 amino, isocyanato, sulfoxide, 
sulfone, sulfide, disulfide, silyl, heterocyclic, alicyclic, 
carbocyclic,' i'ntercalators , reporter molecules, conjugates, 
polyami'nes, polyamides, polyethylene glycols, polyethers, 
groups that enhance the pharmacodynamic properties of 
oligonuc led tides, and groups that enhance the pharmacokinetic 
properties of oligbnucleotides . 
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26. A process for ' preparing 2 ' -0-alkyl -guanosine 
-comprising: " ' 

treating 2 , 6-diaminopurine riboside with a base and 
a compound having the formula R-L wherein R is said alkyl group 
and L is a leaving group, to forxn 2 ' -O-alkyl-2 , 6-diaminopurine 
riboside; and 

treating said 2' -O-alkyl-2, 6-diaminopurine riboside 
with adenosine deaminase. 

27. The process of claim 26 wherein said alkyl group 
•is a C^-Cjjj straight chain or branched chain, saturated or 
unsaturated alkyl or a C^-Cjo straight chain or branced chain, 
saturated or unsaturated, sixbstituted alkyl, 

28/ The process' of claim '27 wherein the substituent 
of said C-j-CjQ straight -chain or branced chain, • saturated or 
unsaturated, substituted alkyl' is halogen, hydroxyl, thiol, 
keto, carboxyl, nitrates), nitro', riitroso, nitrile, trifluor- 
omethyl, trif luoromethoxy , O- alkyl, S- alkyl, NH-alkyl, N- 
dialkyl, O-aralkyl, S-aralkyl, NH-aralkyl, amino, azido, 
hydrazino, hydroxyl amino , isocyahato, sulfoxide, sulfone, 
sulfide, disulfide, silyl, ' heterocyclic, alicyclic, 
carbocyclic, intercalators, reporter molecules, conjugates, 
polyamines, polyamides, > polyethylene glycols, polyethers, 
groups that enhance the pharmacodynamic properties of 
oligonucleotides, and groups that enhance the pharmacokinetic 
properties of oligonucleotides* 

.29. The process of claim 26 wherein said base is 
sodium hydride - 

30. The process of claim 26 further comprising: 
separating said 2/ -O-alkyl-2 , 6-diaminopurine riboside 
from further alkylated products resulting from said treatment 
of said 2 , 6 , -diaminopurine riboside with said base and said 
compound having the formula R-L wherein R is said alkyl group 
and L is a leaving group. 
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31. The process of cl.ain} 2 7 wherein said alkyl group 
is C^-Cjo saturated, straight chain ^ 1 kyl. -pr, -C^-Cjo saturated, 
straight chain substituted alkyl. 

32/ A process for preparing a 3 ' -p-phosphoramidite 
* o£ 2'-d-aikyl guanosine comprising: 

treating .2 , 6 -diatninopurine . riboside with a base and 
a compourici having the formula R-L wherein R, is said alkyl group 
and L is a leaving group, to form 2' -O-alkyl-2 , 6-diaminopurine 
riboside; 

'treating said 2 ' -O-alky.1-2, 6-diaminppuri^^ riboside 
with adenpsine deaminase to fprm , 2 frp- alkyl -guanosine; 

, protecting . the i.. 2Tini2 ,-njpiety of said 2' - O- alkyl - 
guanosine with a protecting group; 

..-.I>rot:ecting .the, 3 ^-OH .-..moiety said 2'-0-alkyl- 
. guanp^ine. ,with a furth^^^ group; and . 

^ , phpsphityXatfing the 3; -OH moiety of said protected 2' - 
O- alkyl -gjuanosine.. , ^ . ; ~ : 

^ . ,33. .The process of claim :32 wherein said protected 

2'-0-alkyl guanosine is phosiphitylated with 2-cyanoethyl N,N- 
diisopropylaminochlorophosphine . 

34,. JherP.rpcess. Tof'. . claim 32.fwherein said base is 
sodiiiin ,liydride:y-;-; - . w . ; 

35 . A process:- • for . preparing 2' -O-alkyl-2 , 6- 
diaminopurine riboside, 3 ' -O-alkyl-2 , 6 -diaminopurine riboside 
and. 2' ,2/ -di-O-alkyl-^2 , 6-.diaminopurine riboside comprising: 

treating 2, 6 -diaminopurine*- riboside with a base and 
a compound having the formula R-L wherein R is said alkyl group 
and L is a leaving- group, to form at least one of 2'-0-alkyl- 
2/6-diaminopurihe riboside; " 3 * -O-alkyl-2, 6-diaminopurine 
riboside or 2 ' ; 3 ' -di-O-al-kyI-2 , 6-diaminbpurine riboside; and 
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. . isolating- - one of . said- .2 -.Q-:alkyl-2 , 6-diaminopurine 
rii^oside,^ ^3 V--9"^l'5Yi.'?'^^ riboside or 2',3'-di-0- 

alkyl-2 , 6-diaminopurine riboside. 

, 36 - .The- pro(?es3c Qfv^.cXaim- 3Sj £-urehe-r comprising: 
adding sufficient compound having, the formula R-L 
wherein R is said, alkyl > group ; and- h is a leaving group, and 
base., to sai^i 2 , 6-diaminopurine. riboside.:to-.form a mixture of at 
least two of said 2 ' -O-alkyl-2 , 6-diaminopurine riboside, 3' -0- 
alkyl-2 , 6.-diaminopurin€ ..ribpsid^^-. and- 2 ' , 3 ' -di-O-alkyl-2 , 6- 
diaminopurine riboside:;^ .andr ; - r :ir ^ f:s^'jc^:^:'r,.i ..v 

separating ;put saadi:l;east one of said 2 ' -0-alkyl-'2 , 6 - 
diaminopurine.-.rib^^^^ 3 ^:T.OT.al^kyI.-:2/6-'dXam'ihapurine riboside 

and' 2 , 3 ' -dl-0r:alkyi.r/2-, G-Jdiamlndpurine'- Vil^^^^ from said 

mixture. • ^- , -v..'.. : ^.^:::^rv::...- -i: . 

37. The process of claim-36 '-fUrt^hef* *c^^ 
separating out said at least one of said 2'-0-alkyl- 
2, 6-diaminopu-tine ' riboside, '■' • 3 ' -O- alkyl -2, 6-diaminopurine 
riboside or 2 ' /3 ' -di-O-aIkyl-2 , 6-<iiami*nopui:ine riboside from 
said mixture via- crystalli^atibh, ^ " 

- - 38.. The process of' clafm 36^-further comprising: 

separating out said at least bne of said 2'--0-alkyl- 
2 , 6-diaminopurine riboside/- l'-0-alkyl-2 , 6-diaminopurine 
riboside or 2' , 3' -di-0-alkyl- 2, 6-diaminopurine riboside from 
said mixture via chromatography. 

39. A process for prepariiig the' 3 ' -0-phosphoramidite 
of 2, 6-diamino-9- (2' -0-alkyl-i5-D-ribofuranosyl) purine 
comprising: ■ ■ 

treating 2 , 6-diaminopurine riboside with a base and 
a compound having the formula R-L wherein R is said alkyl group 
and L is a leaving group to "form '2' -O-alkyl -2 , 6-diaminopurine 
riboside; 
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protecting- the 2 and '6 - -NHj moieties of said 2,6- 
diamino:-: 9-^(2 ' -O-alkyl-S-D-riBof uranosyl) purirl^' with protecting 
groups; . ■ r- • ' ■ t' '..z: ' - 

protecting the 5' -OH moiety of said 2, 6 -diamine- 9- (2' - 
p-alkyl-B->D-ribo-furanosyl) purine ■"with ■ a- further protecting 
group; and • * ■ -'r::.:.. . 

; ^ phosphitylsLt^iBg - the^' 3 -OH fiioiety 'df said protected 

2 , 6 - di-amino- 9 --^(2^ ^ O- alkyl -^S- ribof uranosyl j purine . 

: • . 4i)-:pi^ Aa^^ imf>r6ved -^roc preparation of 2,6- 

diaminopurine riboside 'compfij'isi^^^^ ! 
r-^: hj:.?c: Ir^ rrj : t^re^tattg gtia^no siiie hydrate with 
.. . ..hexamet^^^^ trifi^idromefeha^ne sulfonic acid in a 

^sea^le^ contain^r^^^^ exclusion of ^liquid ammonia and under 

non-anhydrous conditions; and 

isolating said 2, 6 -diaminopurine riboside by 
, . ,cryst^lli^ataon^ : v: . 

^. 41, A process f or.preparing. a 2 ' - 0-alkylated cytidine 
.3 ' -O-phqsphoramidite comprising the steps of: 

alkylating .^n unblp^cked. cytidine to form a 2'-0- 
alkylated cytidine; 

, ^ , . blocking the- 5 ' r-hyd^^ said 2 ' -O-alkylated 

cytidine;; and. . - .„ \n:c o r 

' phosph.itylatina;the^^ ' -ppsitipn of said 5 ' -blocked 2 ' - 
.O- alkylated cytidine, ...» , - - , 

42. The process of claim 41 wherein said alkylation 
. is in. the, presence of base . 

43. The process of claim 42 wherein said base is a 
metal hydride. 



44. The process of ..claim. 41 wherein said blocking 
step adds a dimethoxytrityl group. 
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45'.- The ' pfocess ' of * claim 41 wherein said 

-•v,' • phxij^phlfcylcttion ' 'Step * is ' conducted with bis-N,N- 
diisopropylaminodyanoetfiyrpHosphite . 

'■4 b. Th^e" process 'bf* .9l5Lijn .45 wherein said 
phosphitylation step is conducted in the presence of N,N- 
diisopropylamino-hydrotetrazolide . 

47. The'^^ process ' of claim' 41. further comprising 
blocking the N4-amino moiety of said 2 ' -b-alkylated cytidine 
prior to blocking said 5' hydroxyl moiety. 

48. A process for pfeiparin^ a^'2'' -O-aT^ uridine 
3 ' 'O-phosphoramidite comprising the steps of: 

treating a uridine 'with dialkyl^ oxide to form a 
2 ' , 3 ' -O-dialkylstannyliene 'deirivative of " uridine; 

alkylating said' stahhyiene der^^ of uridine to 

form a 2 ' -0-alkylated uridine; 

blocking the 5*' - hydroxyl moiety of said 2 ' -O- alkylated 
uridine; and 

phosphitylating the 3' -position of said 5' -blocked 2' - 
O- alkylated uridine. 

49. The process of claim. .48 wherein said alkylation 
is in the presence' of a salt . 

50. The process of claim^ 48 wherein said salt is a 
metal halide. 

51. The process of claim 48 wherein said blocking 
step adds a dimethoxytrityl group. 



52, The . process of claim 48 wherein said 
phosphitylation step is conducted with bis-N,N- 
diisopropylaminocyanoethylphosphite . 
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53. The process of claim 52 wherein said 
phosphitylation step is conducted in the presence of N,N- 
diisoprbpylamino-hydrotetrazolide ... . . 

54. The process of claim 48 wherein said dialkyl tin 
oxide is dibutyl tin oxide. 

55. A process for preparing a 2 ' -0-alkylated 2,6- 
diamino-9 - (S-D-ribo„f uranosyX^ pxiicine - 3 ' -O-phosphoramidite 
comprising the steps of : _ 

.^^^X^^^^^S- ^.,2/ 6 -diamine-: 9r (S^D-ribof uranosyl ) purine 
to provide a 2 ' - 0-alkylated 2 , 6 -diamine- 9 - (S-D- 
ribofuranosyl). purine; , . . 

, ^^.locking the .5/ -hydroxy! moiety of said 2' -O-alkylated 
2 , 6-diamino-9.- (fi-D-ribof uranosyl). purine ; and 

phosphitylating the 3 ' -position, of said 5' -blocked 2'- 
^'^^^y\^^P^,..'^ / €-di amino -9 r ■( fi-D-ribof uranosyl) purine . 

.56. The process of claim 55 wherein said alkylation 
is in the presence of a base. 

57. The* process* of claim, 56 wherein said base is a 
metal hydride. 

58. The process of claim 55 wherein said blocking 
step adds a dimethoxytrityl group. 

59. The process of 'claim 55 wherein said 
phosphitylation step is conducted with bis-N,N-diisopropyl- 
aminocyanoethylphosphite • 

60. The 'process of claim 59 wherein said 
phosphitylation step is conducted in the presence of N,N- 
diisopropylamino-hydrotetrazolide . 



61. The process of claim 55 further comprising 
blocking the N2 and N6-amino moieties of said 2 ' -o-alkylated 



wo 94/02501 



PCr/L'S93/0680T 



- 78 - 

2 , 6-diamino- 9- (S-p-ribofuranosyl) purine prior to blocking said 
5' hydroxyl moiety. - - • 

62 . An oligomer comprising at least one subunit 
having the structure : 




wherein X is - (^2^ n' i - - : ' ' 

is .C3-C20 alkyl, ^C^-Cjo. alkeny;!, 01: C2-rC2o alkynyl; 
R2 is halogen, hydroxyl. thiol, ke to ^ -carboxyl:,.; n nitroso, 
nitrile, trif Luqromethyl / trif luoromethoxy , 0-^lkyl, S-alkyl, 
NH-alkyl, N-diaikyl, O-airyl, S-aryl, NH-aryl, 0-aralkyl, S- 
aralkyl, NH-aralkyl, aminp^ im.idazole,. N-phthalimido, azido, 
hydrazine, hydroxyl amino, i30cyanatp, sulfoxide, sulfone, 
sulfide, disulfide, silyl,.- aryl, = : heterocycle, ; carbocycle, 
intercalator , - reporter . molecule , . cpn.j ugate , polyamine , 
polyamide, polyalkylene glycol,, polyether,. a=^ group that 
enhances the pharmacodynamic properties of oligonucleotides, or 
a group that /.enhances .the . pharmacokinetic properties of 
oligonucleotides; 

T3 and T5 independently are OH or a further subunit of 
said oligomer that is joined to said structure; and 
, is an integer from. -O to about 6. 
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63. An oligomer ■ comprising at least: one subunit 
having the structure: 




wherein X is R^-CRg)^; 

is C^-Cjo alkyl, Cg-Cgo alkenyl, or Cg-Cjo alkynyl ; 
Rg is halogen, hydroxy!/ thiol; keto, carboxyl, nitro, nitroso, 
hit rile , trif luoromethyl / 'trif luororfiethoxy , O-alkyl , S -alkyl , 
NH-alkyl> N-dialkyl,- 0-aryl , " "S-aryl , i^H-aryl, O-aralkyl, S- 
aralkyl, -NH-aralkylV amina^^ imidazole/ N-phthalimido, azido, 
hydraizino/ hydroxy 1 amino/ isocyan-^to, sulfoxide, sulfone, 
sulfide, diisulfide/ silyl; aryl, heterocycle, carbocycle, 
intercalator / -reporter molecule; conjugate, polyamine, 
polyamide; ■ ' polyalkylene glyco^l polyether, a group that 
enhances" the pharmacodynamic properties of oligonucleotides, or 
a/ group ^that: enhances fehe^- ''pharmacokinetic properties of 
oligonucleotides; v^ra^ : ; 

■ T3 arid T5 independently are OH or a further subunit of 
said oligomer that is joined to said structure; and 

n is an integer" from 0 to -about 6. 

64. A process fdr preparing an oligonucleotide that 
comprises at least one 2 ' -O-alkylated guanosine nucleotide 
comprising: 

alkylating a 2 , 6-diamino-9- (ribofuranosyl) purine to 
form a 2 , 6-diamino- 9- (2 ' -O-alkylated ribofuranosyl) purine; 

deaminating said 2 , 6-diamino-9- (2 ' -O-alkylated ribo- 
furanosyl ) purine to form a 2 ' -O-alkylated guanosine; 
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blocking the 5' -hydroxy! moiety of said 2' -0-alkylated 
guanos ine; ' 

•phosphieylating the 3*' -position of said 5' -blocked 2' - 
D-alkylated guahosine^to form a 2 '-0- alkylated guanosine 3'-0- 
phosphoramidite; and 

coupling said 2 ' -p-alkylated ,..guanosine 3'-0- 
phosphoramidite with a 5/-hydroxyl moiety onan oligonucleotide 
utilizing phosphoramidite ppupling conditrionsv.-. 

65- A process fqr ... preparing ,an ..q^^^ that 
comprises at leasts, oi^.e^ 2^V-0-alkylat^4,, 2 ,J-diamino-9 
ribofuranosyl) purine nucleotide .within . ;the^ of the 

oligonucleotide comprising:, y .... 

alkylatinga 2^, S-diamtno^S-^jS^D-ri^^ 
to provide a 2 ' -O-alkylated^ 2, 6-diaminO"9-f( SrP^ ribofuranosyl ) - 
purine ; , . - . 

blocking the 5' -hydroxyl moiety of said 2' -0-alkylated 
2, 6-diamino-9- (S-D-ribof uranosyl ) purine ; 

phosphitylating the 3 ' -position of said 5 ' -blocked 2' - 
O-alkylated 2 , 6-diamino-9- (IS-D-ribofuranosyl) purine to form a 
2' -O- alkylated 2 , 6-diamino-9- ( S-D- ribofuranosyl ) purine 3' - O- 
phosphoramidite ; and ' - 

coupling "^said. 2/- G- alkylated '2, 6-diamino-9- (IS-D- 
ribof uranosyl ) piirine 3 ' -O- phosphoramidite to a 5 ' -hydroxyl 
moiety on an oligonucleotide utilizing phosphoramidite 
chemistry. 

66. A method of modulati' g the synthesis of a protein 
comprising specifically hybridizing with mRNA coding for said 
protein an oligomer comprising at least one subunit having the 
structure: 



0 
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wherein X is ^^'^i^2^r^^ 

Ri is C3-C20 alkyl, C^-C^q ^IkenyX, or. alkynyl; 
R2 is halogen, hydroxyl, thiol, keto, . carboxyl , nitro, nitroso, 
nitrile, trifluoromethyl , trif luoromethoxy, 0-alkyl, S-alkyl, 
NH-alkyl, N-dialkyl, d-aryl , S-aryl, NH-aryl,. 0-aralkyl, S- 
aralkyl, NH-aralkyl, amino, imidazole, N-phthalimido, azido, 
hydrazino, hydroxy 1 amino/ isocyanato, sulfoxide, sulfone, 
sulfide, disulfide, silyl," aryl, heterocycle, carbocycle, 
interdalator,'' ^ repiDtter " ' molecule, ' conjugate', polyamine, 
polyamide, polyalkylene glycol, polyether, a group that 
enhances the pHirmacodynathic 'properties of oligonucleotides, 
and a grbxip- that enhanc^'s the pharmacokinetic properties of 

"oligonucleotides;' • - ' 

T3 and T5 independently ar€i' OH or a further nucleotide 

^ or hucleoside' of sa^ or oligonucleoside that 

is^ joined to s'Md ' Struct^ 

n is an integer from 0 to about 6. 

6i7.: The method ■■ of claim 66 wherein said 
oligp}:jucleot.ide is in a pharmaceutical ly acceptable carrier. 



68, A method of modulating the synthesis of a protein 
comprising, specif ically hybr^^^ mRNA coding for said 

protein an oligomer comprising at least one subunit having the 
structure : , , . . 




wherein X is R^-(R2)n' 



wo 94/02501 



PCT/LS93/06807 



- 32 - - ■ - 

. -R^, ..is C^-Qjo -alkyl, • Cj-CjQ- alkenyi;:^ <=>r ..C^zC^o alkynyl ; 
■Rj is halogen, hydroxyl, thiol, .keto, .carboxyl, nitro, nitroso, 
nitrile,. trif luorbmechyl , trif lubromethbxy , 0-alkyl, S-alkyl, 
NH-alkyl, N-dialkyi; "O-aryl, S-airyl, NH-aryl, O-aralkyl, S- 
aralkyl, .NH-jaralkyl.,- .amino.,, imidazole N^'phthklimido', azido, 
hydrazino, hydroxylamino, isocyanato, sulfoxide, sulfone, 
sulfide, disulfide, silyl,, aryl, .. heterocycleu .carbocycle, 
intercalator , reporter molecule, conjugate,- polyamine, 
polyamide, 'polyalkylenV '^'glycbrr 'P^^ a group that 

enhances the pharma'cody^amic prpper^^^^^ 

and a group that enharld^s the pKafmacbkinet of 

oligonucleot i.de.s.z . .... . • - - ■ • - ■ - — ; * 

" -Tj and-T^S-ihdepi^iid^Titly -a'l^e '0H or a ''further nucleotide 
or nucleoside 6f*' ■baid.pii'i^^^ ^that 
is joined* 'to sa'4.dlstrxicftur.e;.^,,^^^ y C - 
n is an integer from 0 to about 6 . 

69. The.r method o£ .claim 6B 'Vtherein Jsaid 
oligonucleotide is in a pharmaceutically acceptable carrier. 
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